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S~Y 
Rapeseed is a crop valued for the high oil content of the seed. The seed 
meal, which is useful as a stock feed, also contains glucosinolates, anti-
nutritional factors which reduce the value of the crop. 
Growing-season conditions influence the concentration of glucosinolates 
within the meal but the reasons for this are unknown. Oil concentration and 
quality are also known to fluctuate with seasons and at different sites. In 
this project, some commonly grown rapeseed cultivars have been studied under 
controlled environment conditions, as well as in the field, to determine the 
major causes of quality instability. 
Water availability was found to have a strong influence on the 
concentration of glucosinolates, producing the maximum concentration under 
conditions of moderate water stress and lower levels either with severe 
moisture stress or with adequate moisture. Sulphur availability was also 
found to strongly influence glucosinolate concentration in the glasshouse but 
sulphur availability in the field was found to be adequate. Neither 
temperature nor photoperiod had significant effects on the levels of 
glucosinolates in rapeseed in controlled environment studies. 
Oil concentration was severely reduced under conditions of water stress 
and/or increased temperature. Sulphur deficiency also caused a reduction in 
oil concentration but this occurred only at very low levels of sulphur in the 
glasshouse. Increased photoperiod from 10 h to 16 h produced a consistent but 
small increase in oil concentration in the three cultivars of rapeseed 
studied. 
High temperature was found to have a marked influence on the fatty acid 
profile of the oil, reducing the level of unsaturation with consequent 
increases in monounsaturated fatty acid. Increased photoperiod resulted in an 
increase in the percentage of polyunsaturated fatty acids. 
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1.1 Physical and Genetic Description of Rapeseed 
Botany 
Rapeseed is a member of the family Cruciferae and includes two closely 
related species Brassies nspus L. (rape) and Brassies rapa L. var. silvestris 
(Lam.) Briggs (turnip rape), also known as B. campestris L. Other species 
within this family include Brassica hirta Moench. (Sinapis alba L. or white 
mustard) and Brassica oleracea L. which has several subspecies including 
broccoli, cabbage, kale, Brussel sprouts, and cauliflower. 
There are three primary species of cultivated Brassies: B. nigra L., B. 
oleracea L., and B. rapa and three derived species: B.carinata A.Br., 
B.juncea Coss. and B.napus L. The relationship between the species is 
illustrated by the triangle of U after the Japanese scientist U (Fig 1.1). B. 
napus is a cross of B.oleracea and B. rapa. These relationships allow gene 
transfer between related species, as for example in B. juncea, where genes 
have been transferred into rapeseed to impart disease resistance (Roy, 1985). 
The seeds of both species are small and spherical (1-2 nun) and colour may 
vary from black to light yellow. The seed is made up of the testa, endosperm 
layer and an embryo. The cotyledons are arranged with the large outer, bi-
lobed cotyledon enclosing the inner cotyledon and radicle. 
There is no dormancy requirement for germination. The first leaves form a 
rosette and unless there is competition for light there is little stem 
elongation until flower initiation. The stem elongates rapidly and flowering 
takes place when the plant is about 30-40cm high. The degree of branching is 
directly related to planting density. Plants generally grow to about 80-120cm 
although this range can be much greater (Buzza, 1979). 
The flowers are bright yellow and produce a nectar which attracts insects. 
Although B. napus is self-pollinating, B. rapa is self-incompatible and will 
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set few seeds without cross-pollination by bees (Buzza, 1979). 
The pod formed is a siliqua with two carpels separated by a replum (false 
septum). Approximately 15-20 seeds grow within each pod and are attached to 
the pod wall. The seeds mature 30-40 days after fertilization, changing from 
a green to yellow or brown colour depending on the variety. The seed at this 
stage contains about 40-45% oil. 
Fig. 1.1. Triangle of U. Relationship between rape and related species. The 
basic diploid species form the corners with the derived allotetraploid 
species on the side (Appelqvist and Ohlson, 1972) 
B. nigra 
(n = 8) 
black mustard 
I \ 
B. carinata B. juncea 
(n = 17) (n = 18) 
I brown mustard \ 
B. oleracea B. napus B. rapa 
(n = 9) (n = 19) (n = 10) 
kale,cabbage rape turnip rape 
Nutritional Aspects 
Characteristic of traditional rapeseed oil is the high level of erucic acid 
(C22:l, 20-55%) and 11-eicosenoic acid (C20:l, 10%)(McDonald, 1987). Animals 
fed short term diets containing more than 10% erucic acid have been shown to 
accumulate fat in the heart muscle (myocardial lipidosis). Long term feeding 
trials showed "myocardial changes characterized as focal necrotic lesions" 
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apparently resulting from exposure to erucic acid (Abdellatif and Vles, 
1970). Current rapeseed cultivars contain only trace amounts of erucic acid. 
The remaining meal or cake contains 30-35% protein and approximately 15% 
fibre. 
Rapeseed, like all members of the family Cruciferae, contain 
glucosinolates in the meal, the hydrolysis products of which are responsible 
for low feed palatability in sheep, cattle and pigs (VanEtten et al. 1969; 
Clandinin and Robblie 1978). Glucosinolates are also linked to problems of 
goitrogenicity in livestock and liver haemorrhage when included in poultry 
rations (Fenwick 1984). Glucosinolates are the single most detrimental 
chemical characteristic of rapeseed, considerably undermining an otherwise 
nutritionally attractive stockfeed. 
Environmental conditions have a strong influence on the resulting quality 
of the crop (i.e. oil, protein and glucosinolate content) as well as fatty 
acid composition. Rapeseed in Australia is sown in the period May to 
September and is harvested in the hot summer months between December and 
February. The areas in which the crop is currently grown, and the potential 
are~s for rapeseed, cover a wide range of environments (Fig. 1.2). The 
parameters which might change with location or sowing time include 
photoperiod, temperature and moisture availability. Moisture restriction can, 
in turn, limit nutrient availability. 
Oil content: Hodgson (1979) reported higher oil contents in early 
plantings in northern N.S.W. and confirmed an inverse relationship between 
oil and mean daily temperature during the grain filling period. An inverse 
relationship between oil and protein contents has also been well documented 
(Canvin 1965; Hodgson,1979). Sang et al.(1986) showed significantly higher 
oil contents with earlier sowings of B. napus cv. Marnoo from May to 
September, but there was no significant change in fatty acid composition, 
including erucic acid. 
Glucosinolates: Significant increases 1n glucosinolate content, 
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Fig. L 2. The shaded area indicates the potential area for rapeseed 
production in Australia (based on a survey carried out by Leslie 
et al., (1978), Australian Oilseeds Research Council). 
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particularly in 2-hydroxy-but-3-enyl glucosinolate (progoitrin), have been 
attributed to later sowing dates (Sang et al., 1986). No evidence was 
presented to explain the reasons for the increases although rainfall data 
suggest that water stress may have had some influence, particularly in the 
second of two years in which the experiment was carried out. 
Yield has also been shown to be affected markedly by environmental factors 
as a result of sowing times (Mendham et al. 1981; Degenhardt and Kondra, 
1981). 
1.2 Rapeseed in World and Australian Agriculture 
Rapeseed (Brassica napus and Brassica rapa) ranks fourth in the world in 
terms of vegetable oil production crops after soybean, palm, and sunflower 
(World Fats and Oils Report, 1986). Its importance is due to the seed's high 
oil content. Traditionally India and China were the world's leading producers 
of rapeseed but with the introduction of the crop into Canada in 1942 and its 
spectacular growth in that country, Canadians have since led the world as 
exporters and are second only to China as producers. Production has also 
increased in European countries since 1945 with France and Poland being the 
largest producers followed by West Germany and the United Kingdom (Australian 
Oilseeds Industry Statistics (AOIS), November, 1986). China and India 
produced 5,590,000 and 2,722,000 tonnes respectively in 1985/86 with a 
further 3,463,000 tonnes in Canada. World production for 1985/86 was 
18,511,000 tonnes (AOIS, Nov., 1986). The major importers of rapeseed are 
Japan, Germany FR, Italy, United Kingdom, Netherlands and Algeria. Japan 
accounts for around 90% of Canadian rapeseed exports. 
Australia has imported rapeseed from Canada since 1965 although imports 
have ceased in recent years as domestic production has increased. Rapeseed 
was introduced into Australia as an agricultural crop as recently as 1969-70. 
With the introduction of wheat marketing quotas and the collapse of the wool 
market, rapeseed was seen as an alternative source of income for farmers. 
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Experimental rapeseed trials began in New South Wales in 1965 in tableland 
areas and under irrigation (Cutting, 1975) using cultivars from Canada and 
Europe. Canadian cultivars were promising though shattering was a problem 1n 
warm weather under irrigation. In 1970 the most widely grown cultivar was 
Target. The growers in wheat areas had some promising results but the best 
crops were in the higher slopes and tableland areas. About 25% of the crop 
was grown in the Orange-Mudgee-Bathurst area and south to Crookwell. 
A dramatic fluctuation in Australian rapeseed production (Table 1.1) 
occurred over subsequent years due to several factors, including devastating 
losses of crops (and growers' confidence) through blackleg disease. This, 
together with easing of wheat quotas, saw a decline in production during the 
1970s. The release of new varieties in the early 1980s with increased 
blackleg resistance has partially restored confidence and rapeseed has shown 
a resurgence in popularity. Production of rapeseed in relation to other 
oilseeds in Australia for 1985 is shown in table 1.2. 
In 1985/86, 79,200 hectares of rapeseed were grown in Australia, 48,500 of 
which were grown in New South Wales (AOIS, 1986) . From this, 14,000 tonnes 
were. exported to Japan, a market which has shown considerable interest in 
purchasing much larger quantities. Japan currently imports the majority of 
its rapeseed from Canada. The USDA World Report on Fats and Oils predicts 
that Japan would have imported some 1.4 million tonnes of rapeseed in 1986 
from Canada. 
Rapeseed provides a viable alternative for cereal crops to farmers as well as 
having specific benefits in crop rotation. Rape has been found to be the 
ideal break crop for many farmers in cereal dominated rotations (Almond et 
al, 1986) considerably improving yield in a subsequent wheat crop. It has 
been shown to break cereal disease cycles such as take-all (Guamanno.myces 
graminis var. tritici). 
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Table 1.1. The import and export ('000 tonnes) of rapeseed in Australia 
(United States Dept. of Agriculture, December, 1981; Australian 
Bureau of Agriculture and Resource Economics, January, 1988). 
Year Rapeseed Rapeseed Oil Rapeseed Meal 
production imports imports exports exports 
1966/67 5 
1967/68 5 
1968/69 1 7 
1969/70 5 1 5 
1970/71 34 1 2 3 8 
1971/72 55 1 40 4 
1972/73 29 14 7 6 
1973/74 11 29 1 2 
1974/75 9 5 2 1 
1975/76 12 2 1 
1976/77 8 4 
1977/78 19 2 
1978/79 22 4 1 
1979/80 42 6 
1980/81 24 6 
1981/82 16 2 16 
1982/83 12 18 15 
1983/84 18 13 6 
1984/85 30 2 
1985/86 87 1 14 
1986/87 83 na na 12 
1987/88 74 na na na na 
na - not available. 
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The large tap root system is considered to be beneficial in opening up and 
aerating soils and the smothering effect of the crop has an advantage 1n 
overcoming weed problems for subsequent crops (Corbin, 1978). 
The oil is used in salad dressings, cooking oils and shortening. To a lesser 
extent, rapeseed is also blended into margarine products together with other 
vegetable oils. Industrially the oil is used in detergent and rubber 
additives, in metal lubricants and textile chemicals. 
Table 1.2. 
1.3 Rapeseed Quality 
Oilseed production in Australia in 1985/86 
(World Fats and Oils Report, 1986) 
Oilseed Production ('OOOt) 
cotton 346 
sunflower 172 
soybean 116 
rapeseed 88 
peanuts 37 
With improvements in quality, including changes 1n the oil fatty acid profile 
and reduction in glucosinolate concentration in the meal, current rapeseed 
cultivars have little in common with the traditional types. In Canada, 
rapeseed which contains less than 5% erucic acid in the oil and less than 
30pmoles/g oil-free, air-dry meal of four glucosinolates (3-butenyl-, 4-
pentenyl-, 2-hydroxy-3-butenyl- and 2-hydroxy-4-pentenyl glucosinolate) is 
called canola (Canola Council of Canada, 1983). Recently, further revision 
has reduced maximum erucic acid levels to 2.0% (Canola Digest, 1986). 
1.3.1 Components of Rapeseed 
Oil 
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Rapeseed contains around 38-45% oil which constitutes the main value of the 
crop. Farmers in Australia are paid a bonus or penalty of 1.5% of the market 
price for each 1.0% of oil over or under 40.0% respectively. 
The percentage of individual fatty acids in the triglycerides and their 
arrangement on the triglyceride skeleton determine the physical, chemical and 
nutritional aspects of the oil. Traditional rapeseed varieties have a 
characteristic fatty acid profile which include 20-55% of erucic acid (C22:l) 
and 10% of eicosenoic acid (C20:1). Although rapeseed oil has been included 
in human diets for many years, erucic acid has been linked to antinutritional 
factors including cardiac lesions in rats fed a diet of high concentrations 
of rapeseed oil (Beare-Rogers, 1970). The oil has therefore been considered a 
low quality oil in comparison to sunflower, safflower and soybean oils, and 
restrictions have been placed on the amount which may be used in margarine 
and cooking oils. 
Erucic acid and eicosenoic acid synthesis is controlled by two genes in 
B.napus and by one gene in B. rapa (Buzza, 1979). A number of alleles act 
additively to determine the proportion of erucic acid. By breeding for genes 
conferring zero erucic acid into rapeseed, erucic and eicosenoic acids are 
replaced almost completely by oleic acid with slight increases in linoleic 
and linolenic acids. The biosynthetic pathway for the synthesis of fatty 
acids is presented in Figure 1.3. 
High levels of linolenic acid in the oil are also considered undesirable 
for cooking or in margarine production as it is easily oxidised, resulting 1n 
rancidity. Linoleic acid however is considered more acceptable. It is 
polyunsaturated, more stable than linolenic acid and considered nutritionally 
superior in lowering plasma cholesterol and triglycerides, in lowering blood 
pressure and in limiting the aggregation and adhesion of blood platelets that 
occur in arterial thrombus formation ((McDonald, 1987). 
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Fig 1 . 3. Biosynthetic pathway for the formation of rapeseed fatty acids. 
palmitic acid~ stearic acid ---,. arachidic acid ...... behenic acid 
(C16:0) (a) (C18:0) (C20:0) 
oleic 
acid 
eicosenoic ~---
(b) acid (c) 
(C18:1) (C20:l) 
linoleic acid (Cl8:2) 
linolenic acid (C18:3) 
a, 16:0-elongase; b, 18:1-elongase; c, 20:1-elongase. 
(C22:0) 
erucic 
acid 
(C22:l) 
The genotype of the embryo determines the fatty acid composition of the oil. 
However, significant maternal influences have been found to exist with oleic 
and linoleic acid (Thomas and Kondra, 1973). Through the efforts of worldwide 
breeding programs, erucic acid has been virtually eliminated from the most 
recent cultivars whose levels are generally less than 0.5%. The new maximum 
level of 2% erucic acid for canola types is easily achievable with cultivars 
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available today. Low linolenic acid varieties are now becoming available with 
increased linoleic acid levels (Roy, 1985). The fatty acid profiles of some 
typical cultivars are shown in Table 1.3 
Table 1.3 Fatty acid profiles 1n SOJDe rapeseed cultivars and other oilseeds. 
Species and 
Cultivar 
Target 
Maluka 
Arlo 
Jumbuck 
Soybean 
Sunflower 
Meal 
16:0 
3 
4 
2 
4 
9 
6 
% of Fatty Acids and Degree of Unsaturation 
18:0 18:1 18:2 18:3 20:1 22:1 
B.napus 
1 20 13 9 13 40 
2 61 20 9 2 0.2 
B.cmopestris 
1 26 15 8 11 33 
2 58 21 11 3 3 
Other Oilseeds 
5 45 37 3 tr tr 
4 19 69 tr 1 0 
Although the oil portion of rapeseed contributes the main value of the crop, 
meal makes up approximately 60% of the product and thereby has considerable 
influence on the profit margin to both the farmer and industry. Rapeseed meal 
contains 30 - 35% protein (based on the conversion factor of 6.25 x total 
nitrogen content). As well, the meal contains high levels of the sulphur 
containing amino acids, cystine and methionine, as well as lysine which is of 
particular nutritive value to the poultry and pork industry. Rapeseed meal 
has a good balance of vitamins, carbohydrates and minerals and forms the 
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basis of excellent stock feeds. The seed coat or testa, consisting mainly of 
fibre, contributes a large portion of the product due to the small seed size. 
Therefore the fibre content is high, around 15%. This results in the meal 
being low in energy. Breeders have aimed at reducing fibre levels and have 
had some success in some European yellow seeded cultivars, with reductions of 
4-5% and the added benefit of a more attractive meal. 
Glucosinolates 
Despite the benefits of the meal, the presence of a group of compounds, 
glucosinolates, substantially reduce the meal's usefulness and value. 
Glucosinolates are present in all known members of the Cruciferae in varying 
concentrations and types. Over 100 individual types have been identified 
although only 9 types are conunonly present in significant amounts in rapeseed 
(Table 1.4). 
Glucosinolates are broken down upon hydration by an endogenous enzyme 
myrosinase (EC3:2:3:l), to release glucose, bisulphate and goitrin as well as 
organic isothiocyanates, inorganic thiocyanates and nitriles responsible for 
various nutritional disorders (Van Etten et al. 1969; Clandinin and Robblie, 
1978) (Fig 1.4). The maximum level of glucosinolates for canola lines allowed 
by the Canola Council of Canada is 30 µmoles/g of air-dry, oil-free meal 
based on the measurement of 4 glucosinolates (3-butenyl, 4-pentenyl, 2-
hydroxy-3-butenyl and 2-hydroxy-4-pentenyl glucosinolate) as determined by 
the GLC method of the Canadian Grain Connnission (Canola Digest, 1983). 
Glucosinolates remain the most negative factor in rapeseed, severely 
undermining the value of the crop. 
Two major toxic products are formed from glucosinolate hydrolysis, 
nitriles and isothiocyanates. Nitriles have the greatest acute toxicity, 
producing lesions of the liver and kidneys. Isothiocyanates, following 
metabolism to thiocyanate ion, (SCN-), interfere with iodine uptake by the 
thyroid resulting in enlargement of that gland. The latter problem can be 
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Table 1.4. Glucosinolate types in rapeseed 
Common name Systematic name R-group 
sinigrin allyl glucosinolate C"2 =CH-CH2-
gluconapin but-3-enyl Clb =CH-CH2-CH2-
glucobrassicanapin pent-4-enyl Clb =CH-CH2-CH2-Cfu-
progoitrin 2-hydroxybut-3-enyl CH2-CH-CH-Cff2-( 
OH 
napoleiferin 2-hydroxypent-4--enyl Clb =CH-CH2-CH-CH2-
I 
OH 
glucoerucin 4-methylthiobutyl Clb-S-CH2-CH2-Cfu-CH2-
gluconasturtiin 2-phenylethyl Cs Hs -CH2--Clf2-
glucobrassicin 3-indolylmethyl 
4-hydroxy-gluco- 4-hydroxy-3-indolylmethyl OH 
brassicin (S)orli2-
N 
I 
H 
overcome by administration of iodine. The hydrolytic conditions and the 
specific glucosinolate content of the Brassica type determine which product 
is formed with low pH, low temperature and low moisture favoring nitrile 
production (Fenwick et al. 1982). The most detrimental of the goitrogenic 
substances is 5-vinyl-2-oxazolidinethione formed from cyclization of 
progoitrin. the major glucosinolate present in B.napus. 
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Fig 1.4. Enzymatic hydrolysis of glucosinolates. 
R-C 
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~ 
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~o 
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I 
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~ 
N 
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/ \~ 
R-N=C=S 
Isothiocyanate 
R-C=N 
Nitrile 
+ s 
R-S-C=N 
Thiocyanate 
Although there is some question of the degree of toxicity of rapeseed 
meal to ruminants compared to monogastrics, evidence suggests that 
glucosinolate levels in a ration greater than 4g/kg may have the above 
effects when fed to sheep or cattle (Gustine and Jung, 1985). 
The inheritance of the three major glucosinolates is controlled by several 
genes with the maternal genotype controlling the presence or absence of the 
character (Buzza, 1979). 
Several techniques are available for screening for glucosinolates either 
as total glucosinolate concentration (from hydrolysis products) or by 
measuring individual intact glucosinolates (Daun and McGregor, 1983). Several 
rapeseed cultivars with very low levels of glucosinolates (<20 JlIDOles/g) are 
now available. 
1.3.2 Specific Environmental Factors Affecting Rapeseed Quality 
Quality factors in rapeseed have been found to show extensive variability 
between cultivars, sites and site cultivar interactions (Huhn and Leon, 1985; 
Mailer and Wratten, 1985). For a breeding program it is important to 
understand the factors most likely to cause instability in cultivars and to 
obtain the greatest consistency of quality in new cultivars. For industry 
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also, quality control is costly and time consuming. The objective is to have 
cultivars which produce consistently good quality seed and therefore require 
the minimum of handling on receipt at the crushing plant. Considerable work 
has been carried out overseas to describe environmental influences on 
rapeseed (Josefsson, 1970; Josefsson and Appelqvist, 1968; King and Kondra, 
1986; Huhn and Leon, 1985) and other oilseed crops (Bible et al. 1980; 
Cherry, et al., 1985) but to date little has been done in Australia where 
environmental conditions are often different and more variable to those of 
the northern hemisphere. Specific environmental factors which need to be 
considered include temperature, water availability and nutrition. 
Tea,perature. 
The environmental requirements of rape can be identified by the 
characteristics of the areas in which the crop performs best. In 
Mediterranean climates as well as in India and Pakistan, rapeseed 1s grown as 
a winter crop; in temperate zones it is sown in autumn while in higher 
latitudes it 1s a short season summer crop. In all cases temperature is a 
limitation. 
Mendham et al. (1981) in field experiments found the number of days 
between flowering and maturity of B. napus to be closely controlled by 
temperature, each degree rise giving 8 days earlier maturity within the range 
of ll-17°C. Canvin (1965) also found reduced periods of maturity for a range 
of oilseed plants grown at temperatures from 10 to 16°C 1n growth cabinet 
studies; however, further increases from 16 to 21°C had no influence. Both 
experiments had similar periods of time from flowering to maturity at 16°C 
(65-68 days). Glasshouse studies (Fowler and Downey, 1970) have shown that 
the period of 14 days post-pollination are critical for oil accumulation with 
oil and dry matter accumulation following a sigmoidal pattern between 14 to 
35 days. 
Davidson and Downes (1976) carried out temperature regulated experiments 
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in the phytotron and found at seven temperature regimes from 15°/10°C to 
33°/28°C seed yield fell linearly from 20 g/plant at 15°/10°C to O g/plant at 
30°/25°C. In subsequent experiments, changing plants at flowering between 
different regimes confirmed that temperature after flowering overcame all 
other temperature effects on final seed yield. 
In experiments with oilseed crops grown at a range of temperatures from 10 
to 26.5°C, Canvin (1964) showed no effect on oil content in sunflower, 
safflower and castor bean but continued reduction of oil content in rapeseed 
as temperatures increased. This was accompanied by increases in protein 
content. Also, unsaturated fatty acids decreased with increases in 
temperature for rape, sunflower and flax. Tremolieres et al. (1982) found 
low temperature and low light intensity on sunflower markedly influenced 
polyunsaturated fatty acid synthesis, producing more fluid oil at low 
temperature. Total fatty acid synthesis remained fairly constant. The 
increased linolenic acid suggests that either synthesis or activity of oleyl-
CoA desaturase is enhanced by cold temperature or low light intensity. 
Tremolieres et al. (1982) described situations of both increased and 
decreased linolenic acid synthesis for different plants under conditions of 
increasing temperature. He concluded that synthesis of oleic, linoleic and 
linolenic acid are not under the same control by temperature and respond in 
opposite ways in different plants to the same external variation of culture 
conditions. Cherry et al.(1985) found soybeans to produce less myristate and 
linolenate and more oleate in southern U.S.A. under higher temperatures than 
in the cooler northern areas. Oil production was also greater in soybeans 
grown in the cooler northern conditions. Cherry suggests that these findings 
are in agreement with those of Tremolieres et al. (1982) for sunflower seeds. 
Water Availability. 
The main environmental restriction to rapeseed growth other than temperature 
is water availability. B.napus can be observed to wilt even when soil 
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moisture is high, indicating high transpiration rates and the high water 
demand of the crop in relation to cereal crops. Water stress at the end of 
the growing season can severely restrict oil content and yield (Buzza, 1979). 
Bible et al. (1980) showed thiocyanate ion (SCN-) to be greater by 90% in 
cabbages in the second year of a two year trial in Canada in which the second 
year was warmer with a more erratic rainfall. Late maturing varieties were 
higher in SCN- and significant relationships were indicated between SCN- and 
days to maturity. In a late sown irrigation trial 1n Canada (June 18), SCN-
in unirrigated plants was double that of those which had been irrigated. 
However, there was no significant difference due to irrigation where plants 
were sown early (May 6). This indicated that differences in quality in the 
late sown plants were a direct result of water deficiency. Bible suggest that 
cabbages subjected to poorer growing conditions (late sowing) accumulate 
large amounts of basic metabolites such as sugars and amino acids. These 
might be differentially converted to secondary metabolites rather than to 
cellulose and proteins as expected during rapid growth. 
In the findings of Sang et al. (1986) it is relevant to note that over 2 
years; glucosinolate levels were markedly higher for the second and 
considerably drier year, indicating possible water stress effects. 
The work of Freeman and Mossadeghi (1973) clearly show watercress, cabbage 
and onion develop greater flavour strengths when grown under water stress as 
opposed to when grown at or near field capacity. Freeman and Mossadeghi 
(1973) report data which show that plants under conditions of stress, either 
nutrient or water shortage, accumulate abnormally large amounts of low 
molecular metabolites including organic acids, sugars and amino acids which 
are readily transformed into macromolecular components during normal growth. 
In particular, in Stewart's experiment (from Freeman and Mossadeghi, 1973) on 
excised turnip leaves, amino acids, especially proline, accumulated under the 
influence of water stress. 
24 
Photoperiod 
Little has been done to study the effects of photoperiod on rapeseed q~ality. 
A recent study on photoperiod requirements was carried out by King and Kondra 
(1986). Both B. napus and B. rapa cultivars were described as quantitative 
long day plants i.e. the number of days to flower decreases with increasing 
photoperiod. The optimal photoperiod was defined as that which has no 
delaying effect on floral development, resulting 1n flowering in a constant 
number of days (depending on genotype). Shorter than optimal photoperiods had 
delaying effects on flowering. Longer photoperiods were said to be 1n a 
photo-induced phase with a reduced number of days to flowering. B. rapa 
varieties had significantly fewer days to first flower than B. napus. Minimum 
optimal photoperiods for 10 varieties ranged from 16.6 to 18 hours. No 
measurements of quality were presented although the influence of photoperiod 
on growth pattern might be expected to relate to quality aspects in the 
plant. 
Sulphur Requirements of Rape 
Considerable data have been published highlighting the high growth 
requirement of Brassica plants for sulphur. A study carried out by Schnug, 
Sauce and Pissarek (1985) in the German Federal Republic found that an 
estimated 0.65 and 0.37% of total and soluble sulphur respectively was 
necessary to achieve a yield of 4.8 t/ha. Schultz and French (1978) in South 
Australia give a value of 0.84% Sand 0.45% Sin the tops of rape cv. Oro at 
tillering and mid-flowering respectively when grown in soils of moderate to 
high fertility. In experiments with kale (Brassica oleracea) conducted by 
Armitage (1972), a minimum sulphur level of 0.7% was necessary to achieve 
optimum yields. Fertilizer trials carried out by Wetter et al. (1970) in 
Canada gave positive responses with sulphur. Sulphur application reduced seed 
oil content but gave dramatic increases in total oil yield per acre. Wetter 
estimated that 2.2 kg of sulphur are removed from the soil in 454 kg of B. 
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napus i.e. 4.9 kg/t. 
Higher glucosinolate levels in rapeseed result from increased sulphur 
addition (Josefsson and Appelqvist, 1968; Wetter et al. 1970; Josefsson, 
1970; Freeman and Mossadeghi, 1973). However, little has been done in 
Australia to determine either the sulphur status of the areas in which 
rapeseed is produced or the actual sulphur requirements of local cultivars. 
Other Nutrients 
Rapeseed is a heavy consumer of nitrogen and phosphorus, frequently producing 
good yield responses to fertilizer addition (Wetter et al. 1970). 
Osborne and Batten (1978) found significant increases in seed yield and oil 
and protein concentration with added superphosphate. Pod numbers also 
increased but only with combined high phosphorus and high nitrogen. Increased 
nitrogen also produced high seed yield and protein and oil concentration. 
The nutrient requirements of rape are well described by Holmes (1980). 
The Present Study 
Glucosinolate content in Australian rapeseed cultivars will have a strong 
influence on export potential and value. This project was designed to study 
the environmental factors responsible for producing inconsistency in 
glucosinolate concentration, particularly high levels. Concurrently, other 
quality factors including oil concentration, fatty acid profile and protein 
were observed over a range of environmental conditions. 
Numerous rapeseed trials carried out at sites throughout Australia over 5 
years have confirmed that rapeseed is strongly influenced by site and 
seasonal effects. Today rapeseed is grown in areas from northern New South 
Wales to Tasmania and through southern areas of Western Australia and South 
Australia (Fig 1.2). Environmental conditions vary greatly between the areas 
and at different times of sowing. Despite research carried out in Europe and 
Canada on nutrition and some temperature studies (described above), there has 
( 
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been relatively little investigation of the environmental requirements or 
suitability of rapeseed cultivars in Australia. Some preliminary studies have 
been carried out in Victoria (P. Salisbury, Victorian Department of 
Agriculture and Rural Affairs, personal communication) on temperature and 
water stress although the findings did not show consistent effects. No 
studies have been undertaken in Australia, to the authors knowledge, of 
either sulphur effects or photoperiod, on glucosinolate concentration. 
Based on existing literature described above, the environmental factors 
most likely to be involved in influencing rapeseed quality are nutrition 
(particularly sulphur availability), water stress and temperature. The 
effects of photoperiod on growth and development in controlled experiments 
indicate that over the range of sowing times, photoperiod may also account 
for some of the variation in seed quality in the field. 
This project has been designed to study each of these environmental variables 
individually and relate the findings to those of field grown crops. 
The thesis is organized into three basic sections. Firstly, data from 
previous years' (1981-5) field studies were collected and analysed to 
determine the degree of variation in quality between years and between trial 
sites in N.S.W. The variables studied included oil and glucosinolate 
concentration and the fatty acid profile of the oil, in particular, the 
erucic acid content (chapter 3). Secondly, glasshouse and/or controlled 
environment experiments were carried out on each environmental factor 
(sulphur and water availability, temperature and photoperiod) to avoid 
interaction with other factors which might mask individual effects (chapters 
4-7). Finally, data were collected from a series of rapeseed trials grown in 
N.S.W. in 1986 to attempt to project the findings of controlled environment 
studies into the field and verify the factors found to have greatest 
influence on quality (chapter 8). 
Commonly grown cultivars were chosen for the project to represent the 
present typical rapeseed industry in Australia. They included B. rapa (cv. 
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Bunyip) and B.napus types (cvv. Maluka, Wesbrook and Marnoo). 
To compete in international trade, the quality of Australian rapeseed 
needs to be as good as or better than that of major competitors, particularly 
Canada. This project aims to give a better understanding of the environmental 
factors which determine rapeseed quality and in particular, the level of 
glucosinolates. 
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CHAPTER 2. 
GENERAL ANALYTICAL METHODS 
The techniques used for this work have been adapted where possible from 
standard techniques such as those of the American Oil Chemists Society, 
(Official and Tentative Methods of the American Oil Chemists' Society, 1987). 
2.1 Moisture 
A.O.C.S. Method Ba 2-5 was used to determine the moisture of a separate 
portion of intact seed immediately prior to grinding of the sample for oil 
analysis and protein determination. Samples (10 g) were weighed, dried for 2 
hours at 130°C and the moisture calculated by difference. The moisture 
content was required to enable calculation of oil and protein on an 8.5% 
moisture basis as moisture contents varied considerably between sites. 
2.2 Oil 
Oil content was determined by a modification of A.O.C.S. method Ba 1-5. 
Several grinders were evaluated for grinding the seed prior to analysis of 
these samples. Coffee grinders were the most suitable due to the ease of 
cleaning between samples. It was evident however that some grinders did not 
reduce particle size sufficiently and resulted in underestimation of oil 
content. Of the numerous grinders used, the smallest particle size was 
produced with a Phillips HR2182 coffee mill. Two 10 second grinds were 
sufficient to produce a fine and consistent powder. The most satisfactory 
grinding technique was short grinds of approximately 10 seconds to avoid 
heating of the sample. 
The addition of celite has been deleted from the original method. The 
extraction time was extended from 5 to 16 hours to ensure complete removal of 
the oil without the celite. The method was thereby quicker to initiate, does 
not require allowance in calculation for celite addition and the extra time 
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does not impose restriction as the operation proceeds overnight. No 
detrimental effect on oil quality was observed and comparisons with the 
standard technique are excellent. 
Ground seed was weighed into Goldfisch extraction thimbles immediately 
after grinding and extracted in apparatus described in AOCS Method Ba 1-5 for 
16 hours with petroleum ether (100 mL, May and Baker AR 40-60°C). The ether 
was evaporated from the receiving vessel leaving only the oil. Traces of 
remaining ether were removed by blowing dry air into the flask. Oil content 
was calculated from the weight of seed used and the moisture content of the 
seed. 
2.3 Glucosinolates 
Several techniques are currently used in different laboratories for 
glucosinolate analysis. Early techniques have relied on the hydrolysis of 
glucosinolates by myrosinase enzyme and subsequent analysis of secondary 
products (see Introduction, Fig. 1.3.). 
Wetter and Youngs (1976) measured isothiocyanates and oxazolidinethiones by 
UV spect.roscopy and later by gas chromatography. 
Lein and Schon (1969) and Van Etten et al. (1974) determined released glucose 
as an estimate of total glucosinolate content although natural phenolic 
compounds had an .inhibitory effect (McGregor et al., 1983) on the reagents, 
resulting in underestimation of glucosinolates. The presence of endogenous 
glucose could also be a problem causing overestimation of glucosinolate 
content. Addition of activated charcoal to rapeseed extracts assisted 1n 
removal of inhibitory phenolic compounds (Van Etten et al. 1974). 
A method for isolating and derivatizing intact glucosinolates for gas 
chromatographic analysis was described by Underhill and Kirkland (1971 ) and 
later improved by Daun and McGregor (1983). This became the official 
technique of the Canadian Grain Research Council and is also used in maJor 
rapeseed plant breeding institutions throughout the world. The technique is 
( 
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however expensive to carry out, slow (two days to complete) and has poor 
recovery of some (indole) glucosinolates. High performance liquid 
chromatography is a recent development in analytical techniques but there are 
still problems in obtaining pure standards for accurate determination of the 
HPLC response factors. 
The technique used in this work was developed by the author to enable 
large numbers of samples to be analysed quickly and accurately. It employs 
the extraction method of glucosinolates on ion exchange columns as described 
by Daun and McGregor (1983) for gas chromatography, removing inhibitory 
compounds and endogenous glucose from the rapeseed extract. The sample was 
then hydrolysed using exogenous myrosinase and the released glucose was 
measured. As each glucosinolate molecule contains one glucose moiety, the 
glucose molarity is directly related to the glucosinolate molarity. The 
accuracy and precision of the technique has been verified (Mailer and 
Wratten, 1985) by comparison with the standard gas-chromatographic technique 
as used by the Canadian Grain Commission (Daun and McGregor, 1983). 
Glucosinolate Method and Materials 
DEAE Sephadex was obtained from Pharmacia Fine Chemicals, Hornsby, N.S.W. 
Myrosinase was extracted from white mustard (Sinapis alba) grown at the 
Agricultural Research Institute, Wagga Wagga. 
4-Aminophenazone, phenol and sodium tungstate was purchased from BDH 
Chemicals, Melbourne, Victoria. Glucose oxidase (G500), and peroxidase 
(P8250) were obtained from Sigma Chemicals (via Bio Scientific, Sydney). 
Protein precipitant and glucose colour reagent were prepared as described by 
Trinder (1969). 
Oil-free meal (0.05 g) was weighed accurately into 15 mm x 70 mm test 
tubes and placed in a boiling water bath. After 4 minutes, boiling water (1 
mL) was added to inactivate endogenous myrosinase, ensuring temperature did 
not go below 90°C. The temperature was maintained for 4 minutes, the tube was 
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then cooled and centrifuged (5 min., 2000 rpm) and the supernatant added to a 
column containing DEAE Sephadex in the acetate form (Daun and McGregor, 
1983). Hot water (2 mL) was again added to the meal and mixed, heated for 4 
min., centrifuged and added to the column. 
After allowing the solution to drain through, the column is rinsed with 
pyridyl acetate (2 x 1.5 mL, 0.02M). The column tap was closed and myrosinase 
enzyme (0.25 mL, 0.25 mg/mL) was added and the column incubated (2 hours, 
37°c). 
The contents of the column were run into a 10 mL volumetric flask and the 
column flushed with water (4 x 1 mL). Phenol tungstate protein precipitant (2 
mL) was added to the flask and the contents made up to 10 mL with water. 
The solution was mixed and centrifuged (5 min, 2000 rpm). An aliquot (1 
mL) was mixed with colour reagent (3 mL) and incubated for 15 min. at 37°C. 
Optical density was read at 515 nm and glucose concentration determined from 
a standard glucose curve. 
2.4 Fatty Acids 
Following determination of oil concentration, fatty acid analysis of the oil 
was performed by gas chromatography based on the method of D.I. MCGregor 
(Agriculture Canada, Saskatoon, personal coJ1DDunication). 
Oil (100 mg) was measured into test tubes (15 mm x 70 mm) and mixed with 
petroleum ether (3 mL, May and Baker AR 40-60°C). Sodium methoxide (0.5 mL, 
2.3 g Na/200 mL anhydrous methanol) was added, mixed for 15 seconds on a 
vortex mixer and allowed to stand for 10 minutes. Two drops of bromophenol 
blue were added and HCl (0.4 mL, I.ON) was used to acidify the solution. 
Sodium carbonate (0.6 mL, 1.5%) was added to neutralize the acid. Water (10 
mL) was mixed with the solution to remove the remaining methylate from the 
organic layer and raise the organic layer to the top of the tube. The 
solution was transferred to auto sampler vials using a pasteur pipette and 
the vials were quickly sealed to avoid evaporation. Gas chromatographic 
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analysis was carried out on a Varian 3700 G.L.C. using a 2.4 m x 2 mm i.d. 
column packed with Supelco 3% SP-2310/2% SP-2300 (Supelco Cat No. 1-1833). 
Temperature programming was employed from 180°C to 225°C with injector and 
detector temperatures of 220°C. Nitrogen carrier gas flow rate was 25 mL/min 
and F.I.D. detector gas flow rates were air/hydrogen, 300/30 mL/min 
respectively were used. Results were measured on a Varian CDSlll integrator 
and transferred to disc for statistical analysis. 
2.5 Protein (Total nitrogen x 6.25) 
Nitrogen was measured by digesting the ground sample by a microkjeldahl 
technique followed by analysis with a Technicon AAII auto analyser. 
Ground seed (0.2 g) was weighed accurately into 100 mL test tubes (100 mm x 
32 mm) immediately after weighing samples for moisture determination. 
Kjeldahl solution (H2S04:I<2S04:Se/ 1000 mL:150 g:0.5 g) was added (5 mL) and 
the tubes placed into a heating block at 370°C for 3 hours. At this time the 
tubes were removed, observed to be clear, and allowed to cool. The solution 
was diluted to 100 mL, mixed thoroughly and approximately 2 mL decanted into 
auto ~alyser vials. The samples were stored in the refrigerator until 
required. Analyses was carried out using a Technicon Auto Analyser II (method 
No.329-74W/B). The total nitrogen value was multiplied by a standard factor 
of 6.25 to estimate protein content. 
2.6 Sulphur 
Several methods have been established for the measurement of sulphur 
including atomic absorption spectrometry, following precipitation of sulphur 
with barium, and x-ray fluorescence. A simple but accurate method 1s the 
relatively new technique of Bhat et al. (1983). This method was used as 
described in the 4th Committee Draft of the Standards Association of 
Australia CH/22/86-9 to supersede CH/22/85-33. 
The principle of the method is: sulphate ions are reduced by tin(II) in 
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hydriodic acid to hydrogen sulphide which is carried by a stream of nitrogen 
through a buffer solution into a trapping reagent containing 
bis(DMP)copper(II) ions (where DMP = 2, 9-dimethyl 1- 1, 10-phenanthroline). 
The absorbance of the resulting yellow-orange bis(DMP)copper(I) complex is 
measured at 454 nm. 
Reaction: 
S04 2- + 4Sn(II) + lOH+ ~ H2S (g) + 4H20 
lfuS(g) + 8[Cu(DMP)2)2+ + 4H20 --... SQ4 2- + 8[Cu(DMP)2]+ + lOH+ 
2.7 Cations 
Total cations were determined in plant material by atomic absorption 
spectroscopy. The plant material (1 g) was digested in nitric/perchloric acid 
(Mailer and Pratley, 1983) and diluted (100 mL). Manganese was read directly 
against AAS standards. Strontium chloride (2500 ppm) was added to the 
extraction as a releasing agent for the determination of calcium and 
magnesium. 
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CHAPTER 3. 
ANALYSIS OF COLLECTED DATA - The project in context 
3.1 Data Collection 
The Agricultural Research Institute, Wagga Wagga, analyses rapeseed trials 
each year from the Department's breeding program (for selection of breeding 
material) and from District Agronomists' trials grown throughout N.S.W. 
Rapeseed samples are also received from breeding programs throughout 
Australia in an Australian wide evaluation of rapeseed quality. This program 
is funded by the Australian Oilseeds Research Council and is referred to as 
the Interstate Rapeseed Trials. 
Variation in chemical components from the different trials were obvious 
between cultivars, sites and over successive years (see Appendix I and II). 
The data collected from previous years (1981-1985) have been analysed to 
determine the degree of variability and to indicate possible factors 
responsible for this variability. Five cononon Australian cultivars were 
selected for statistical analysis from the many varieties grown in field 
trials each year. Summarised results are presented within this report and 
detailed data for the 5 years have been recorded in Appendix I and II. 
Appendix I contains the data collected in a tabulated form; Appendix II 
summarises those data as means and standard errors. 
It is important to note that these data were not generated for ·this 
project but for other purposes at the time. It has been used here merely to 
describe the extent of chemical differences which exist between cultivars and 
the possible variation which can occur over different environmental 
conditions. In some cases data sets were not complete as the trials were not 
designed for this purpose. Where possible, complete sets of data have been 
selected from trials grown at 37 sites with 5 cultivars over a 5 year period. 
Oil, glucosinolate, erucic acid and protein concentrations were analysed. 
There were insufficient data to describe effects on yield. 
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Severe drought was experienced in many areas in 1981 and 1982 and this is 
reflected in oil content and yield over that period. 
Methods and Materials 
Cbe111ical analysis 
Oil, glucosinolate, eruc1c acid and protein concentrations have been 
determined by the methods described in chapter 2 . 
.Analysis of data 
Data were subjected to standard analysis of variance using the Genstat 
program. Sites were not replicated and were often not full sets. However, 
data has been used to estimate which factors vary and by what degree. Of the 
numerous sites, those used in successive years have been utilised for 
analysis. Mean values and standard errors are presented in Appendix II. 
Results and Discussion 
Oil concentration 
Complete oil concentration data were available for four cultivars grown at 
Wagga Wagga over four years, 1981, 1982, 1984 and 1985 (Appendix Ila). Oil 
concentration showed significant variation (FC0.05) between cultivars. Oil 
concentrations were significantly lower in 1981 and 1982 when recorded 
rainfall was low and it was visually apparent that the plants suffered water 
stress (although water availability was not measured at the time). It was 
clear also that Bunyip and Jumbuck (both B. rapa) were more consistent for 
oil concentration over seasons, performing better under drought conditions 
but not as well as Wesbrook and Marnoo (B. napus) in good years. Wesroona (B. 
napus) had the lowest oil concentration in three of the four years. 
Analysis of data was also possible for the 5 cultivars over 3 years from 5 
sites (Wagga and Gilgandra, New South Wales; Mundulla, South Australia; 
Streatham, Victoria; and Canberra, ACT) (Appendix !If). Again significant 
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differences were found between sites and seasons. In 1983, Mundulla produced 
the highest overall oil concentrations of the 5 sites whereas in 1984, 
Gilgandra had the highest. Streatham was generally higher than the other 
sites in 1985. 
Brudcadd 
There were significant (.PC0.05) differences between the erucic acid levels in 
the 5 cultivars of rapeseed (Appendix IIb). The oil of Wesbrook seed was 
consistently lower in erucic acid than the other cultivars whereas Jumbuck 
was always the highest. 
There were no significant effects between years (~0.05) for cultivars 
grown at Wagga Wagga over 5 years. Data from other sites (Appendix Ile) 
however show that erucic acid concentration did vary significantly over the 2 
years analysed. Jumbuck at Mundulla showed the greatest variation, ranging 
from 4.2% in 1983 to 1.9% in 1984. 
Site effects were also important. In 1983 Jumbuck varied from 2.1% at 
Gilgandra to 4.2% at Mundulla. However, there was no consistent effect; for 
example, the Gilgandra site produced the lowest erucic acid levels in 4 
cultivars in 1983 but the highest level for the 5th cultivar in the same 
year. 
Glucosinolates 
There was a significant difference (.PC0.05) in glucosinolate levels between 
cultivars (Appendix Ile), ranging from Wesbrook which contained the least 
glucosinolates to Jumbuck and Bunyip which were similar nnd had the highest 
concentration. 
The level of glucosinolates varied between seasons although the relative 
order of the cultivars remained consistent. Glucosinolate concentration was 
very low in 1981, reaching its highest level in 1982 and has then shown a 
continued reduction up to 1985. 
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Site differences were also significant (Appendix IId). Gilgandra produced 
the highest glucosinolate levels for nearly all cultivars in 1983 and 1985 
but the lowest in 3 out of 5 cultivars in 1984. Despite the apparent 
inconsistency between sites, in 1985 there was a trend for the highest 
glucosinolate levels to occur in the western, drier sites (Fig. 3.1) while 
the lowest levels were in the east between the 500 nun and 750 nun isohyets. 
Protein concentration 
Protein concentration showed fluctuations (P(0.05) between the 5 cultivars 
studied for 1984 and 1985 (Appendix Ilg). Data for other years were not 
available. However, it has been shown that there is an inverse relationship 
between oil and protein concentration (Canvin, 1965; Hodgson, 1979). It is 
expected therefore that in a drought year, such as 1981, when oil contents 
varied greatly between cultivars, protein would have also shown a similar 
degree of variation. Protein concentration was not consistent between sites 
for a given cultivar; for example, Bunyip produced the highest protein 
concentration at Wagga Wagga in 1984 and the lowest at Mundulla in the same 
year . . 
3.2 Interpretation of Field Trial Data 
Glucosinolate concentration in the meal is not currently used to determine 
crop value although exported rapeseed must meet the canola standards. From 
the data presented here, it is obvious that the chemical composition of 
rapeseed varies greatly between sites, between cultivars and from year to 
year. Most of the cultivars exceed the canola standard on occasions at some 
sites. The reasons for this variation in glucosinolate concentration between 
sites and over successive years is unknown. It was of particular interest, 
however, in this survey that glucosinolate concentration was lowest in 1981 , 
in which crops suffered a very dry period post-anthesis, and yet the 
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NSW in 1985. 
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concentrations were very high in 1982, which was again a very dry year. In 
1983, 1984 and 1985 with adequate moisture, glucosinolate concentrations 
decreased. If moisture stress was a determining factor, as suggested by 
Freeman and Mossadeghi (1973), then either the timing of water application or 
the precise degree of stress must be a critical factor. 
No information is available regarding temperature effects on glucosinolate 
concentration although in an Australian environment where the crop matures 
into the warm swmner, this may be important. 
Overseas studies have revealed rapeseed to have a high sulphur requirement 
in comparison to cereal crops (chapter 1). A strong relationship between 
sulphur availability and resulting seed glucosinolate levels has also been 
shown (see chapter 1) and therefore the extent of sulphur influence on local 
cultivars is important. Site sulphur status may be a determinant in the level 
of rapeseed glucosinolate synthesis. Nutrients other than sulphur may also 
influence glucosinolate concentration. 
As crops are grown over a wide climatic range throughout N.S.W. sowing 
times in each region are set to best suit the requirements of the crop. As a 
result, another environmental factor which varies between sites is 
photoperiod. 
Oil concentrations varied from less than 20% to greater than 47%. As 
farmers are paid a bonus for oil concentration above 40% or a penalty below 
40%, environmental conditions have a direct effect on profit. The effect of 
water availability is obvious from the oil concentrations obtained in the dry 
years of 1981 and 1982 compared with the better moisture conditions in 1983 
to 1985. 
Although producers are not currently paid on the basis of erucic acid 
content in the oil, rapeseed exported to Japan must meet the canola standard 
of 2% maximum. Jumbuck would seldom meet the specification and can reach 
levels of greater than 4% and Marnoo occasionally exceeds 2%. The other 
cultivars however are well within the required level. Although temperature 
' I· 
40 
has been found to influence the degree of unsaturation in fatty acids, no 
information is available regarding environmental effects on erucic acid 
concentration. 
The effect of plant breeding is to produce cultivars with improved 
quality. As can be seen from the results presented here, these improvements 
may be lost under adverse growing conditions. Year to year differences, 
providing other factors were constant, indicate direct climatic influence by 
such parameters as rainfall or temperature. Site differences are more complex 
and several factors may have been responsible, including climatic differences 
(temperature and moisture), photoperiod (sowing dates vary considerably 
between sites) and nutrition (natural or chemically applied). 
This project was designed to establish the main environmental factors 
which account for the variation in field grown plants reported here. Those 
variables examined were water availability, temperature, photoperiod and 
sulphur status of the soil. To evaluate the specific environmental factors, 
seed of 4 common commercial cultivars was used; 3 B. napus types (Wesbrook, 
Marnoo and Maluka) and 1 B. rapa type ( Bunyip) . 
I· 
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CHAPTER 4 
EFFECTS OF TEMPERATURE ON GLUCOSINOLATE AND OIL CONCENTRATIONS IN THE SEEDS 
OF RAPE AND TURNIP RAPE. 
Introduction 
Increasing temperatures have been found to reduce the maturation period for 
rapeseed (Canvin 1965; Mendham et al. 1981). The rate of plant development 
can have a substantial effect on resulting plant quality particularly in the 
period post-pollination which 1s critical for oil and dry matter accumulation 
(Fowler and Downey, 1970). Canvin (1965) showed continuous reduction of oil 
content in rapeseed as temperatures increased with consequent increases 1n 
protein concentration. Unsaturated fatty acids decreased with increases in 
temperature. 
Seed yield 1s also influenced by temperature (Davidson and Downes, 1976), 
the main effects being after flowering. It was shown that variation 1n 
temperature post-anthesis overcame all previous temperature effects on final 
seed yield. No effects of temperature on glucosinolate synthesis have been 
recorded to date. 
To examine the effect of temperature on glucosinolate concentration of 
rape seeds, cv. Wesbrook, Marnoo, Maluka and Bunyip were grown under a range 
of temperatures in a controlled environment. Oil content, fatty acids and 
seed yield were also measured. 
Materials and Methods 
The initial experiment (experiment 1) included 4 rapeseed cultivars grown at 
2 temperature regimes with four replicates. The experiment was conducted in a 
randomised design in a controlled environment cabinet. The experiment was 
later repeated (experiment 2) using 2 additional temperature regimes but only 
two rapeseed cultivars. 
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Plant material and culture 
Four cultivars of commercially grown, certified seed, known to have a range 
of glucosinolate levels, was used; Bunyip (B. rapa), high in glucosinolates 
and Wesbrook, Marnoo and Maluka (B. napus) which are lower (Table 4.1). 
Table 4.1: Analysis of commercial seed used in controlled environment 
experiments. 
Cultivar 
Marnoo 
Wesbrook 
Maluka 
Bunyip 
Oil 
concentration 
(%,w/w) 
46.0 
41.1 
42.6 
44.1 
Glucosinolate 
concentration 
(µmol /g) 
43 
24 
13 
46 
Erucic acid 
(%) 
2.0 
0.2 
0.2 
1.1 
Moisture 
concentration 
(%) 
5.6 
5.6 
7.0 
5.2 
Five seeds of each cultivar were sown into each of 8 pots containing 
potting mix. Four pots of each cultivar were then placed into each of 2 
controlled environment cabinets. The seedlings were thinned to 3 plants soon 
after emergence. Pots were watered daily with tap water and a complete 
nutrient solution (Delves et al., 1986) was added weekly to ensure adequate 
nutrition. 
Initial temperature regimes (experiment 1) included a cold treatment, 18°C 
day/10°C night and a hot treatment, 27°c day/15°C night. In a second 
experiment, (experiment 2) temperature regimes were 16°C day/8°C night and 
21°c day/13°C night. 
A 16-h photoperiod was used with a combination of fluorescent tubes and 
tungsten bulbs. As some bulbs within the cabinet appeared weak in comparison 
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too hers a the completion of the first e per1men, all th bulbs were 
replaced at t e commencement of the second experiment. The photon flux 
densi y m~asur d w'th a Licor quantum meter after replacement of the bulbs, 
was 650 E/m2 /s. at th top of the plants. 
Ch ical ana.l..,vses 
eed yield and 1000-seed weight were determined from each pot prior to 
chemical analysis. 
Oil, protein, fatty acids and glucosinolates were determined by techniques 
described in chapter 2. 
Statistical analysis 
Data were analysed by the method of Cochran and Cox (1966) for ... ,mbine( 
analysjs when all experiments have the same design. 
Results 
Plants grown t the highest te111perqture (27°"' day/15°C night), showed s gns 
of wilting during day temperatures despite daily watering and constantl 
moist soil medilllll. It appeared hat the transpira"ion ra e xceeded moisttre 
translocation from the soil and therefore it is possible that the plants nad 
experienced some moisture stress. To ensure that the obser·ed re ults w re 
due to temperature effects and not water stress, a second e periment was 
conduct Pel lower temperatures. The complete nlllllerical results are recordel 
in Appendix IIIa-d. 
Germination develo UJJent and yield 
Higher temperature increased the rate of germination by 1-3 day. . Development 
and matura ion were also influenced by temperature. For example in the 
second experiment which was sown on the February 24, 1987, seeds grown at h 
hig·her temperature 21°C/13°C) were har 'ested on June 26, 1987 121 d'- 1s 
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whereas those grown at the low temp '16°C/8°C) were harvested on August 18, 
1987 (174 days), the difference being equivalent to 11 da 1s/1°C. Several 
flowers were still present at the base of he plant when the seeds wer 
harvested, apparently due to poor light penetration to the lower part of tht 
I ~ plants (Fig. 4.1). 
High temperature grown plants, (27°C/15°C) had noticeably less develope 
pods and high pod abortion rates compared with those at lower temperatur•s. 
Bunyip, not being self-compatible, required manual pollination and due to the 
difficulty in selecting every flower, had less developed pods than B. napus 
types. 
At he highest temperature regime in both experiments, yield and 1000-seel 
weight were reduced (.P<0.01; Table 4.2a and b). There was also a significant 
difference in seed yield (A 0. 01) between cul ti vars in the 2 experiments. 
Glucosinolate concentration 
Experiment l 
The effect of temperature on glucosinolate concentration wus not 
statistic;::ally significant ( P"O 05) because of the wide range of values within 
each reatment (Tables 4.2a and 4.2b). Seeds from all 4 cultivars grown a. 
27/15°C howE>ver tended to have higher concentrations of glucosino]ates than 
those grown at 18/10° C, r, articular ly cv. Wes brook and Marnoo. Then ... was a 
significant difference .between cultivars (~0.01). Bunyip had the highest 
glucosinolate concentration overall and showed the least variation between 
treatments. 
Experiment 2 
The difference between glucosinolute concentrations in the two treatments 
again was statistically no significant i P~O 05) and unlike the first 
experim nt there was no tendency toward higher glucosinolates with in--r sed 
temperature (Table 4.2b 1 • Two very high results in cv. Marnoo (Appendi' IIIb 
were unex lained. 
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Fig. 4.1. Poor light penetration slowed the development of lower parts of the 
plants grown in the glasshouse. This is not typical of plants grown in the 
field but highlights the influence of light on plant development. The range 
of maturity times in this experiment may have influenced quality and could 
explain the range of results obtained in chemical analysis. 
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Due to the wide range of glucosinolate levels within cultivars, there was no 
significant difference between cultivars (~0.05). 
Oil concentration 
Plants grown at the highest temperature in experiment 1 (27°C/15°C) had 
significantly lower oil concentrations (PC0.01) than those grown at the lower 
temperatures (Table 4.2a). In experiment 2, however, there was no significant 
difference between treatments (Table 4.2b). There were significant 
differences between cultjvars (PC0.05). In contrast, protein increased under 
conditions of high temperature and again the differences between treatments 
were significant in both experiments(.P':0.01). 
Fatty acids 
In experiment 1, the main influence of higher temperatures was to reduce the 
proportions of linoleic (C18:2) and linolenic (C18:3) acids with a 
corresponding increase in palmitic (Cl6:0) and oleic acids (ClB:l) (Table 
4.3a). The 3 B. napus cultivars reacted similarly but B. rapa was less 
affected by temperature. Similar effects were apparent in the second 
experiment although the differences were less obvious (Table 4.3b) presumably 
due to the lower temperatures. 
Discussion. 
In both experiments, seed yield and weight were reduced with increased 
temperature. The high pod abortion rate at high temperature indicates that 
pollination was restricted under those conditions. This is reflected in yield 
figures in Table 4.2a and b. 
The tendency toward high glucosinolate concentrations at day temperatures 
of 27°C was not apparent at 21°C. It could be suggested that the plants at 
21°C were not stressed sufficiently to stimulate glucosinolate production, 
and therefore temperatures higher than 27°C may have further increased 
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Table 4.2a Effects of temperature on mean seed yield, 1000-seed weight and 
glucosinolate and oil concentrations in seeds of four cultivars of 
rapeseed (the range of glucosinolates is given in parenthesis) 
Experiment 1: Sown February 12, 1986 
Cold: 18°c day/10°C night; Hot: 27°C day/15°C night. 
Treatment Seed 
yield 
(g/plant) 
Cold 16.18 
Hot 5.61 
Cold 19.21 
Hot 5.17 
Cold 18.41 
Hot 4.89 
Cold 8.32 
Hot 2.67 
l.s.d. (P-=0.05) 2.65 
Cultivar ** 
Temperature ** 
Interaction ** 
1000-seed 
weight 
(g) 
4.73 
3.61 
4.38 
4.07 
4.47 
3.75 
3.52 
2.38 
0.70 
Glucosinolate Oil 
content 
(µmol /g) 
Wesbrook 
33.0 (17-40) 
58.3 (40-79) 
Maluka 
16.0 (13-18) 
21.9 (21-22) 
Mar1100 
50.3 (22-69) 
60.2 (27-87) 
Bun_vip 
91.8 (72-105) 
93.0 (70-120) 
23.5 
content 
u~) 
37.30 
28.52 
37.90 
25.30 
40.42 
29.02 
36.55 
24.82 
2.91 
Significance of treatment effects 
** ** * 
** 
n.s. 
** 
n.s. n.s. n.s. 
(* - .PC0.05; ** - .PC0.01; n.s. - ~0.05). 
Protein 
content 
(%) 
34.2 
37.9 
32.7 
38.2 
33.6 
39.3 
33.3 
36.1 
1.91 
n.s. 
** 
n.s. 
• 
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Table 4.2b Effects of temperature on mean seed yield, 1000-seed weight and 
glucosinolate and oil concentrations in seeds of 2 cultivars of 
rapeseed (the range of glucosinolates is given in parenthesis) 
Experiment 2: Sown February 24, 1987, 
Cold: 16°C day/8°C night; Hot: 21°C day/13°C night. 
Treatment 
Cold 
Hot 
Cold 
Hot 
Seed 
yield 
(g/plant) 
26.57 
23.45 
40.27 
27.38 
l.s.d . .(P=0.05) 6.58 
Cultivar 
Temperature 
Interaction 
** 
** 
n.s. 
1000-seed 
weight 
(g) 
Glucosinolate Oil 
content content 
(pmol/g) (%) 
Wesbrook 
4.68 37.2(28-47) 35.20 
3.90 31.9(16-55) 35.47 
Marnoo 
4.70 39.1(21-58) 40.30 
3.60 34.2(19-46) 41.89 
0.59 18.69 2.75 
Significance of treatment effects 
n.s. n.s. ** 
** n.s. n.s. 
n.s. n.s. n.s. 
* - ..PC0.05; ** - ..PC0.01; n.s. - ~0.05 
Protein 
content 
(%) 
35.90 
33.00 
34.78 
34.23 
1.28 
n.s. 
** 
* 
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glucosinolate concentration. The wilted appearance of plants at 27°C 
indicates that water stress may have been a critical factor between this 
treatment and that at 21°C. 
The average glucosinolate concentrations within the seed meal of plants 
grown at low temperatures were equivalent to average levels found in plants 
grown in the field (Appendix l). The glucosinolate concentrations found in 
the highest temperature treatment, however, were higher than would normally 
occur in the field. These results indicate the potential for temperature to 
influence glucosinolate concentrations in the field whether the temperature 
was a direct effect or indirect, as a result of water stress. 
The wide range of glucosinolate concentrations between plants within a 
treatment may be due to the unevenness of plant maturity at harvest 
(Fig.4.1) . The harvested seeds would have included an unnatural proportion of 
seeds from high on plant branches compared to field grown plants as the lower 
pods failed to mature. Glucosinolate concentration in the seeds from siliques 
at the top of the branch have been shown to have higher glucosinolate 
concentrations than those in the basal parts of the branch (Rahman et al. 
1986) .. 
Oil concentrations of plants grown at low temperatures were generally 
similar to those expected in field grown plants under favourable conditions 
(Append'x 1). The oil contents of plants grown at high temperature are 
therefore considerably lower than their potential. The increase in protein 
concentration is in agreement with the findings of Canvin (1964) showing oil 
is inversely related to protein concentration. 
Increased temperature in all cases influenced the fatty acid profile, 
reducing the degree of polyunsaturation with subsequent increases in mono-
unsaturated oleic acid. The reasons for the effects on polyunsaturated fatty 
acids may be twofold; either high temperatures inhibit the oleic desaturase 
and/or they enhance palmitic elongase enzymes. It was clear that day 
temperature of 27°C had substantially more effect on the fatty acid profile 
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than 21°C, as was also the case for glucosinolates. This may indicate that 
the temperature threshold at which the plant is sufficiently stressed to 
significantly affect quality, including oil and glucosinolate concentration, 
is above 21°C. Negligible amounts of erucic acid were produced in the seeds, 
far lower than normally found in field grown plants (Appendix 1). Thi~ was 
also apparent in plants grown under different photoperiods in growth cabinets 
with low light intensity (Chapter 7). Light intensity appears therefore to be 
an important factor in the development of these long chain fatty acids 
although no conclusive evidence of this was found. 
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Fig. 4.2. High temperatures (27°C) resulted in a large percentage of aborted 
pods and reduced seed yields. 
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Table 4.3a: Effects of temperature on average (n=4 fatty acid conten 
(% of total fatty acids) in the oil from the seed of 4 
cultivars of rapeseed. 
Experiment 1: Sown February 12, 1986. 
Fatty Acid Composition 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:l 
Wesbrook cold 
Wesbrook hot 
Maluka cold 
Maluka hot 
Marnoo cold 
.Marnoo hot 
Bunyip cold 
Bunyip hot 
l.s.d.(.P=0.05J 
Cultivar 
Temperature 
Interaction 
* - .AO. 05; 
4.6 1.5 57.6 20.8 13.1 0.6 1.3 
4.9 1.6 69.0 16.l 6.2 0.6 1.1 
4.6 1.2 59.7 20.9 11.2 0.6 1.2 
4.6 1.6 69.4 15.9 5.8 0.7 1.2 
4.2 1.5 G2.3 18.8 11.2 0.6 1.0 
4.5 1 '7 
• I 70.4 15.5 5. 0.6 1.3 
3.6 1.2 59.1 20.6 13.4 0.5 1.1 
4.3 1.1 63.4 20.8 8.0 0.6 1 9 .... 
2.50 1.74 ].11 
5'ig11it"J·cance of treatme11t effects 
** 
** 
* 
* 
** 
* 
* - P(0.01; n.s. - P/ 0.05. 
** 
** 
n.s. 
0.4 0 
0 9 . ..., 0 
0.4 0 
0.4 0.] 
0.3 0 
0.2 0 ') .... 
0.3 0.] 
0.3 0.1 
.3 
Table 4.3b: Effects of temperature on average (n=4) fatty acid content 
(% of total fatty acids) in the oil from the seed of 2 
cultivars of rapeseed. 
Experiment 2: own February 24, 1987. 
h'esbrook cold 
h'esbrook hot 
Marnoo cold 
Harnoo hot 
l.s.d.(P::0.05) 
Cultivar 
Temperature 
Interaction 
Fat y Acid Composition 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
4.60 0.3 60.7 20.2 11.2 0.73 1.33 0.3 0.10 
4.5 0.7 61.9 19.9 10.3 0.6 1.2 0.2 0.10 
4.2 0.3 61.6 19.4 10.6 0.6 1.8 0.3 0.75 
3.9 0.8 64.1 19.0 9.6 0.5 1.0 0.22 0. 
2.87 1.45 1.54 
Sig11ificance of treatmeJJt effects 
n.s. n.s. n.s. 
n.s. n.s. n.s. 
n.s. n.s. n.s. 
- P::0.05; ** - P::0.01; n.s. - .P)0.05. 
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CHAPTER 5 
EFFECTS OF APPLIED SULPHUR ON GLUCOSINOLATE AND OIL CONCENTRATIONS IN THE 
SEEDS OF RAPE AND TURNIP RAPE. 
Introduction 
Considerable data have been published highlighting the high growth 
requirement of Brassica plants for sulphur. Schultz and French (1978) 1n 
South Australia reported a value of 0.84% and 0.45% sulphur in the tops of 
rape cv. Oro at tillering and mid-flowering respectively when grown in soils 
of moderate to high fertility. A study carried out by Schnug, Sauce and 
Pissarek (1985) found that an estimated 0.65% and 0.37% of total and soluble 
sulphur respectively in young plants was necessary to achieve a yield of 4.8 
t/ha. Armitage (1972) reported that a minimum sulphur level of 0.7% in leaves 
was necessary to achieve optimum yields in kale (Brassica oleracea). 
Fertilizer trials on rapeseed carried out by Wetter et al. (1970) in 
Canada gave positive responses to sulphur. Sulphur application reduced 
individual seed oil content but gave dramatic increases in total oil yield 
per acre .. Glucosinolates also increased with added sulphur. Higher 
glucosinolate levels have been reported in rapeseed as a result of increased 
sulphur availability (Josefsson and Appelqvist, 1968; Josefsson, 1970; 
Freeman and Mossadeghi, 1972). No studies have been carried out to determine 
the sulphur status of the regions in which rapeseed is grown in Australia or 
the actual sulphur requirements of local cultivars. 
To examine the effects of sulphur availability on chemical composition of 
rape seeds, one genotype each of B. napus cv. Wesbrook and B. rapa cv. Bunyip 
was grown in a glasshouse using different rates of added sulphur. 
Glucosinolates, oil content and fatty acid profile were determined as was 
seed yield and 1000 grain weights. 
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Materials and Methods 
Glasshouse exper· ent 
Two rapeseed cultivars were grown 1n pots containing sand/perlite mixture and 
a complete nutrient solution excluding sulphur (Appendix III; P. Randall, 
personal communication). Initially, 5 rates of sulphur with 4 replicates in a 
completely randomised design in a glasshouse were used. The experiment was 
later repeated using a further 6 rates of sulphur. 
Plant 111Bterial and culture 
Commercially grown certified seed of two cultivars of rapeseed was used; 
Bunyip ( B. rapa) and Wesbrook ( B. napus) . 
River sand and perlite were mixed in equal parts using a large cement 
mixer. The mixture was washed several times with tap water and then filled 
into forty 25 cm pots. The pots were rinsed several times with deionised 
water to remove traces of sulphur contamination and placed in a glasshouse 
equipped with evaporative cooling but no heating facility. 
Into each of 20 pots were sown 5 seeds of Wesbrook and similarly 1n the 
other 20 pots, 5 seeds of Bunyip (January 14, 1986). The pots were covered 
with filter paper until emergence to avoid disturbing the surface when 
watering and to avoid drying out at the surface. Aluminium pie plates were 
placed under each pot during the early stages of growth to keep the medium 
moist. The pots were watered with deionised water until emergence. After 
emergence, the seedlings were thinned to three plants/pot. The second 
experiment, using identical conditions, was sown on August 13, 1986. 
Sulphur rates 
Five rates of sulphur were used: zero to test the purity of the medium and 
other nutrients, 2, 4, 8 and 12 ppm in an otherwise complete nutrient 
solution with a high rate of nitrogen (128 ppm). The experiment was later 
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repeated using higher rates of sulphur: 4, 8, 15, 25, 100 and 200 ppm. 
Pots were watered daily in the mornings with 300 ml of nutrient solution 
including the respective amounts of sulphur and the solution was allowed to 
drain freely from the pot. The plants were watered again in the evenings with 
deionised water to ensure they were not water stressed. 
Chemical analyses 
Seed yield and 1000-seed weight were determined from each pot prior to 
chemical analysis. 
Oil was determined by solvent extraction, fatty acids were analysed as 
methyl esters by gas chromatography and total glucosinolates were analysed as 
glucose by methods described in Chapter 2. 
Statistical analysis 
Data were subjected to standard analysis of variance without transformation. 
The complete numerical data are presented in Appendix IVb-e. 
Results 
Visual sulphur effects, growth and yield 
After 15 days, plants grown in zero sulphur nutrient solution were stunted, 
showing minimal growth. This was evidence that the water and chemicals used 
contained negligible amounts of sulphur. Leaves had purple margins and were 
"cupped" indicating the leaf ·margins were not growing (Fig. 5.1). In an 
attempt to obtain some yield from these plants, a 1 ppm solution of sulphur 
was added at irregular intervals. In contrast, plants grown at higher rates 
of sulphur grew vigorously, producing large, dark green leaves. 
At 28 days plants grown in 2 and 4 ppm sulphur solutions showed sulphur 
deficiency symptoms including cupped leaves, mottled chlorosis, purple 
colouring on main stems and stunting (Fig. 5.2). As plants grew and nutrient 
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Fig. 5.1. Plants 1n pot A, at 2 ppm sulphur, were stunted and the leaves pale 
and "cupped". In contrast the plants in pot B (12 ppm sulphur) grew 
vigorously with deep green leaf colour. 
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Figure 5.2. Sulphur deficient Wesbrook (A) and Jumbuck (B) plants (2 ppm) had 
distorted, mottled coloured leaves with purple margins. 
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demand increased, symptoms of deficiency also increased. Growth at leaf 
margins was inhibited and leaves were deformed (Fig. 5.3). The nil and 2 ppm 
treatments produced negligible seed and could not be analysed. The petals of 
flowers with adequate sulphur were deep yellow whereas sulphur deficient 
plants produced petals from a pale yellow to white (Fig.5.4). 
Bunyip plants began flowering 35 days after sowing and several plants were 
ready for harvest within 86 days of sowing. Wesbrook plants grown in the 
higher sulphur-containing solution, 8 and 12 ppm sulphur, matured 2 - 3 weeks 
earlier than 0, 2 and 4 ppm sulphur. All Wesbrook plants were harvested 
within 161 days of sowing. 
In the second experiment, Bunyip was harvested after 119 days and Wesbrook 
at 180 days. Again, plants grown at the lower sulphur treatment levels tended 
to be slow to mature in relation to those grown at the higher levels. 
Glucosinolate concentrations 
Increased sulphur application resulted in increasing levels of glucosinolates 
(P<0.01) up to 100 ppm sulphur (Tables 5.la and 5.lb). At 200 ppm sulphur, 
glucosinolate concentration fell. Generally, in the two experiments, the 
response to sulphur was comparable despite variations in climatic conditions 
(temperature and daylength), due to different sowing times, between the two 
experiments. 
Seed yield 
Added sulphur (up to 200 ppm for Wesbrook and 25 ppm for Bunyip) increased 
seed yield (P<0.01) (Tables 5.la and 5.lb). Seed yield for Bunyip fell with 
further increases in sulphur. 
The first glasshouse experiment was affected by an infestation of cabbage 
white butterfly caterpillars (Pieris rapae). Yield was considerably reduced 
and several plants failed to set sufficient seed to be analysed. However, 
the increasing yield with higher sulphur dosage, up to 12 ppm sulphur, 
60 
Figure 5.3. The young leaves 1n sulphur deficient plants were distorted with 
growth inhibited at the margins of the leaves. 
~ 
I 
I 
I . 
1 , 
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Fig. 5.4. Flower petals in plants with adequate sulphur were deep yellow (A) 
whereas sulphur deficient plants were pale yellow to white (B ) . 
A B 
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indicated that the optimum sulphur requirement had not been reached in the 
initial experiment and this prompted the second experiment. Sufficient 
sulphur was used in the second experiment to ensure excess sulphur in some 
treatments whilst maintaining some low levels to relate it to the earlier 
experimental results. The second experiment showed that 1000-seed weight was 
also increased for cv. Wesbrook (P<0.01, Table 5.lb) with higher sulphur 
rates but not for Bunyip. 
ruJcon tent 
Significant increases in oil concentration (P<0.01) were observed with 
increased levels of sulphur (Table 5.lb). Wesbrook was highest in oil at 
lOOppm sulphur and Bunyip reached a maximum at 15 ppm. As with 
glucosinolates, at the highest sulphur levels, oil concentration decreased. 
htcyad$ 
Fatty acids showed slightly increased oleic acid with increased sulphur rates 
(Table 5.2a and 5.2b). Although there was no obvious effect on linoleic acid, 
linolenic acid also showed some increase with increasing levels of sulphur 
particularly in Bunyip which increased from 13.1 at 4 ppm to 14.7 at 200 ppm 
(Table 5.2b). The effect of sulphur on fatty acids is negligible in relation 
to the considerable influence observed with temperature on the degree of 
fatty acid unsaturation. As the low sulphur treatments took longer to mature, 
there does not appear to be a relationship with extended growing period and 
degree of unsaturation as the fatty acid biosynthetic pathway (Chapter 1) may 
suggest. 
Discussion 
The rates of sulphur used for Experiment 1 were too low to achieve normal 
field levels of glucosinolate or oil concentration or to reach maximum seed 
yield. Seed yield, grain weight and oil concentration 1n Experiment 2 reached 
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Table 5.la. Effects of sulphur availability on average (n=4) seed yield, 
1000-seed weight, glucosinolate concentration and oil 
concentration of seed of two cultivars of rapeseed (the range of 
values for glucosinolates is given in brackets). 
Experiment 1: Planted January 14, 1986 
Applied 
sulphur 
(ppm) 
4 
8 
12 
2 
4 
8 
12 
l.s.d 
Cultivar 
Sulphur 
Interaction 
Glucosinolate 
concentration 
Seed 
yield 
(g/pot) (µmoles/g) 
lfesbrook 
4 (3-4) 0.8 
8 (5-12) 4.1 
19 (7-28) 4.9 
Bunyip 
7 (4-10) 0.1 
6 (3-9) 0.5 
8 (6-11) 1.6 
19 (6-30) 1.9 
9.12 1.39 
1000-seed Oil 
weight concentration 
(g) (%) 
2.06 29.0 
2.28 28.3 
2.96 31.4 
24.4 
20.8 
23.0 
4.06 
Significance of treatment effects 
n.s. 
** 
n.s. 
** 
** 
* 
** 
n.s. 
n.s. 
*, Significant at P<0.05; ** significant at P<0.01; n.s., not significant ; 
Wesbrook at O and 2 ppm sulphur and Bunyip at O ppm had insufficient yield 
for analysis. 
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Table 5.lb. Effects of sulphur availability on average (n=4) seed yield, 
1000-seed weight, glucosinolate concentration and oil 
concentration of seed of two cultivars of rapeseed (the range 
of values for glucosinolates is given in brackets). 
Experiment 2: Planted August 13, 1986 
Applied 
sulphur 
(ppm) 
4 
8 
15 
25 
100 
200 
4 
8 
15 
25 
100 
200 
1.s.d 
Cultivar 
Sulphur status 
Interaction 
(*, Significant at 
Glucosinolate 
concentration 
(µmoles/g) 
Seed 
yield 
(g/pot) 
Wesbrook 
1 (0-2) 2.0 
3 (1-5) 9.3 
14 (10-17) 25.8 
18 (13-21) 28.6 
32 (25-41) 30.3 
18 (13-23) 30.4 
Bunyip 
7 (5-10) 9.1 
12 (6-14) 15.1 
39 (28-44) 23.3 
65 (51-91) 24.3 
79 (71-92) 23.9 
72 (48-90) 20.9 
10.4 4.45 
1000-seed Oil 
weight concentration 
(g) (%) 
2.1 23.5 
2.9 28.3 
3.3 34.8 
3.5 35.3 
3.4 36.4 
3.5 34.8 
2.2 38.0 
2.3 38.3 
2.1 41. 9 
2.2 40.7 
2.3 38.8 
2.1 38.0 
0.33 2.32 
Significance of treatment effects 
** n.s. ** ** 
** ** ** ** 
** ** ** ** 
P<0.05; ** significant at P<0.01; n. s. , not significant) 
65 
a plateau at relatively low levels of sulphur (15-25 ppm). However, increased 
sulphur levels up to 100 ppm resulted in a greater than tenfold increase in 
glucosinolate concentration 1n seeds of cv Wesbrook and cv Bunyip. It is 
clear that although sulphur is essential at low levels to satisfy seed yield 
and oil synthesis, its availability in excess has a strong influence on the 
resulting glucosinolate concentration. 
The reduction in glucosinolate and oil concentration and yield at the 
highest sulphur treatment (200 ppm) appears to be the result of an imbalance 
in the nutrient solution. Analysis of cations in the buds of the plants 
indicated diminishing levels of calcium with increasing sulphur addition 
(Appendix IVg). The plants appear therefore to have suffered calcium 
deficiency the calcium presumably having been precipitated from the nutrient 
solution as calcium sulphate. 
Despite this, and although other environmental factors may influence 
rapeseed quality in the field, the response to added sulphur in the pot 
trials described here indicates that sulphur does play a major part in 
determining seed quality, particularly with respect to glucosinolate 
concentration. 
The glucosinolate concentration 1n the seeds of plants grown with 100 ppm 
of added sulphur in the glasshouse were generally equivalent to those of 
typical field grown plants (Appendix I). This would suggest that although 
sulphur deficiency did limit glucosinolate concentration under the conditions 
chosen here, high sulphur rates cannot alone account for the very high levels 
found at times in the field. Based on glucosinolate concentrations (Appendix 
I), it is generally unlikely that field grown plants would suffer reduced 
yields due to sulphur deficiencies (yield in the glasshouse was found to 
reach a maximum at lower levels of sulphur than did glucosinolates). 
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Table 5.2a. Effects of 4 levels of sulphur on average {n=4) fatty 
acid content{% of total fatty acids) in oil from the 
seed of two cultivars of rapeseed. 
Applied fatty acids 
sulphur 16:0 18:0 18:1 18:2 18:3 20:1 22:1 
{ppm) 
Wesbrook 
4 5.8 2.0 52.5 24.6 11.3 1.3 1.0 
8 5.4 2.4 54.0 23.3 11.3 1.6 0.6 
12 4.8 2.3 58.6 19.6 11.7 1.4 0.6 
Bunyip 
2 5.8 1.7 43.7 31.6 13.4 1.4 0.7 
4 5.9 1.8 46.7 27.7 12.7 1.6 0.6 
8 5.6 1.9 46.4 29.7 13.1 1.3 0.5 
12 5.5 1.9 46.1 29.0 12.0 2.0 1.8 
I 
I; 
1, 
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Table 5.2b. Effects of 6 levels of sulphur on average (n=4) fatty 
acid(% of total fatty acids) profile in oil from the 
seed of two cultivars of rapeseed. 
Applied fatty acids 
sulphur 16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
(ppm) 
Wesbrook 
4 5.7 2.4 57.1 21.7 10.1 0.93 1.3 0.28 0.17 
8 5.3 2.4 58.6 20.7 10.8 0.79 1.2 0.06 0.11 
15 4.7 1.8 56.3 21.7 12.2 0.73 2.2 0.14 0.12 
25 4.1 1.6 57.7 20.8 13.2 0.72 1.5 0.13 0.08 
100 4.2 1.8 60.1 19.0 11.9 0.79 1.6 0.16 0.30 
200 4.0 1.9 59.9 20.3 11.0 0.79 1.6 0.23 0.07 
Bunyip 
4 3.5 1.3 56.2 23.5 13.1 0.66 1.4 0.13 0.08 
8 3.5 1.2 56.2 23.0 13.6 0.60 1.4 0.18 0.07 
15 3.5 1.2 57.0 22.8 13.2 0.63 1.4 0.15 0.06 
25 3.3 1.1 57.9 21.1 13.6 0.65 1.9 0.19 0.06 
100 3.3 1.1 56.7 22.1 14.5 0.49 1.4 0.20 0.08 
200 3.4 1.0 55.7 22.7 14.7 0.55 1.4 0.27 0.11 
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CHAPTER 6 
EFFECTS OF WATER STRESS ON GLUCOSINOLATE AND OIL CONCENTRATION IN THE SEEDS 
OF RAPE AND TURNIP RAPE. 
Introduction 
In Australia, rapeseed is grown as a winter crop with flowering commencing 1n 
late winter and pod filling extending into the warm late spring and early 
sU11UI1er months. Rising evaporation and falling soil water content often lead 
to water stress during pod filling and this may explain part of the variation 
1n glucosinolate content seen in the field. Late sowing and low rainfall both 
increased glucosinolates in one study in Victoria (Sang et al. 1986) whilst 
flavour, which is related to glucosinolate concentration, has been found to 
increase under water stress in watercress (Rorippa nasturtium- aquaticum L.) 
(Freeman and Mossadeghi, 1973) and cabbage (Brassica oleracea capitata L.) 
(Bible et al. 1980). 
To examine the effect of water stress on glucosinolate content of rape 
seeds, B.napus cv. Wesbrook and B.rapa cv. Bunyip were grown under controlled 
conditions. Oil content and seed yield were also measured. 
Materials and methods 
Two rapeseed cultivars were grown in 3 water regimes with 5 replicates using 
a randomised design in a controlled environment cabinet. 
Plant JBBterial and culture 
Commercially grown certified seed of 2 cultivars of rapeseed was used; Bunyip 
and Wesbrook. 
A loam textured surface (0-10 cm) of a red-earth soil (Stace et al. 1968) 
was sieved and nutrient solution added as follows (mg/1000 g soil): nitrogen, 
100; phosphorus, 50 and sulphur, 50. Soil (3300 g, oven dry basis) was placed 
in each pot and brought to field capacity (18%). Gravimetric water content 
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between field capacity (-0.03 MPa) and wilting point (-1.5 MPa) was 14%. 
Hypodermic needles were inserted 4 cm from the bottom of pots so that water 
could be added to the subsoil. Three seeds were sown into each pot and placed 
in a controlled environment cabinet. Seedlings were thinned to one plant 
shortly after emergence (5 days). 
A 16 h photoperiod consisted of 12 h incandescent and metal halide lamps 
supplemented by a further 2 hat the beginning and end of each day of 
incandescent lights. Photon flux density with full light in the cabinet, 
measured with a Licor quantum meter, was 1200 µE/m2/s. Temperature was 15/8°C 
day/night. 
Water Regimes 
Plants were grown to maturity under 3 water regimes; (i) a non-stressed 
treatment watered daily to field capacity (by weight) as a control; (ii) 
plants water-stressed from shortly after emergence; and, (iii) plants in 
which stress was imposed only after flowering. 
Large pots were used (60 cm deep, 15 cm diameter) to allow slow onset of 
stress . to simulate field conditions. 
Pots in all treatments were weighed and rewatered daily at the surface to 
original weight (field capacity) until seedling emergence (3 days). 
Thereafter, the application of water to treatments (ii) and (iii) was managed 
to achieve the desired timing and degree of plant water deficit, as 
determined by measurement of leaf water potential. 
Leaf water potentials were measured on three discs (1 cm2) from the 
youngest mature leaf using a Wescor HR33T psychrometer and C-52 sample 
chambers. Readings were carried out in the morning (before lights were turned 
on) and again in the evening prior to watering to observe changes in 
potential over the day. Leaf samples were taken from 6 weeks after sowing to 
the last new leaves, all plants were sampled on average twice before and 
twice after flowering. 
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Rapeseed cultivars usually display considerable inter-plant variation in 
characters such as leaf area and rate of growth, so plants were grown in 
separate pots and treated individually to achieve the desired physiological 
stress. 
Treatment (ii) was designed to simulate the daily cycle of leaf water 
potential of moderately stressed, field grown plants (Slatyer 1967; Richter 
1976). For about 4 weeks after emergence plants were not watered and the soil 
was allowed to dry to the permanent wilting point at which plants failed to 
recover turgor overnight. Destructive sampling of spare pots revealed that, 
by this time, roots had penetrated to the bottom of the pots. At permanent 
wilting, water was injected into the subsoil in amounts (about 25 mL) equal 
to the average water-use of the plant over the previous 3 days as estimated 
by daily weighing of pots. This rate of watering maintained a constant 
initial pot weight, but the rate of application later had to be increased 
slightly (to about 50 mL) and then reduced again towards maturity to keep pot 
weight near the value for permanent wilting. The water was applied each 
evening resulting in partial recovery of turgor overnight and rapid onset of 
stress .in the morning. 
Watering of the plants assigned to treatment (iii) was reduced to 20 mL 
when flowering connnenced to impose a gradual stress. At permanent wilting, 
about 7 days later, subsoil watering co11DDenced as in treatment (ii). 
The average daily water application to all treatments from 4 weeks after 
sowing, when treatment (ii) had reached permanent wilting, is shown in Figure 
6.1. 
Cheai cal analyses 
Seed yield and 1000-seed weight were determined from each plant prior to 
chemical analysis. Oil was determined by solvent extraction, fatty acids were 
analysed as methyl esters by gas chromatography and total glucosinolates were 
analysed as glucose by the methods described in chapter 2. 
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Fig. 6.1. Water application necessary to maintain constant weight over the 
growing period, commencing 4 weeks after sowing: 
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Statistical analysis 
Data were subjected to standard analysis of variance without transformation. 
Complete numerical data are recorded in Appendix Va-b. 
Results 
Plant water relations, growth and yield 
The stressed plants were small and had a deep blue-green colouration in 
comparison to the pale yellow-green colour of the non-stressed plants (Fig. 
6.2). 
All plants showed similar leaf water potentials in the morning. The 
potential dropped considerably (0.4-1.1 MPa) between morning and evening in 
the stressed plants but it did not change noticeably in non-stressed plants 
(Fig. 6.3). 
Water stress reduced growth and delayed flowering (7-14 days) in the 
plants which were stressed progressively after emergence. Plants in both 
stress treatments had high pod abortion rates and this was reflected in low 
seed yields (Table 6.1). The 1000-seed weight was also reduced by water 
stress .(Table 6.1). There was no difference (~0.05) between the stressed 
treatments for either yield or 1000-seed weight, in either cultivar. 
Glucosinolate concentrations 
Water stress increased glucosinolate concentrations in both cultivars whether 
the stress was applied throughout or only after flowering. Seeds from plants 
which were stressed throughout had the higher concentrations of 
glucosinolates but the difference was not statistically significant 
(~0.05) because of the wide range of values in the same treatment (Table 
6.1). Bunyip had the higher glucosinolate concentration overall. 
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Fig. 6.2. Stressed plants were small and very deeply coloured in contrast to 
unstressed plants which were a much lighter shade of green. This 
would indicate that the stressed plant (B) had accumulated a 
higher proportion of photosynthetic material than the larger non-
stressed plant (A), including perhaps, precursors of 
glucosinolates. 
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Fig. 6.3. Leaf water potential of Wesbrook and Bunyip rapeseed in the 
morning (am) and evening (pm) before and after flowering, in three water 
regimes: non-stressed ( • ) , stressed throughout ( D ) and stressed after 
flowering ( e ). Each data point is the mean of ten values. 
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Oil content 
Water stress reduced oil content compared to control plants but again there 
was no significant difference (~0.05) between the 2 stress treatments (Table 
6.1). 
Fatty acid content 
Water stress had no significant effect (}?0.05) on fatty acid profile within 
the oil (Table 6.2). 
Discussion 
Water stress more than doubled the concentration of glucosinolates in seeds 
of cv. Wesbrook and almost doubled it in cv. Bunyip, whether the stress 
occurred throughout most of the life of the plant or only after flowering. 
These results clearly show the potential for water stress to increase 
glucosinolate concentration in the field. 
Although this experiment was conducted under controlled conditions, care 
was taken to simulate field moisture stress as far as possible by using large 
pots which ensured slow development of stress, at least in the treatment 
which was stressed throughout. This treatment would have allowed adequate 
time for possible osmotic adjustment to occur (Turner and Jones, 1980). 
Also, the daily cycle of leaf water potential resembled droughted plants 
grown in the field (Slatyer, 1967). The results should therefore be relevant 
to the field situation. Glucosinolate concentrations within the seed meal 
of the unstressed treatments were lower than usual for plants grown in the 
field, where values of 35 and 70 pmol/g are typical for Wesbrook and Bunyip, 
respectively (Appendix I). The concentrations found in stressed plants of up 
to 40 and 65 µmol/g were, however, similar to those found in field grown 
plants. Water stress, which is common during pod filling under Australian 
conditions, is therefore a likely cause of high concentrations of 
glucosinolate in rapeseed meal. 
r 
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Table 6.1. Effects of water stress on average (n=5) seed yield, 
1000-seed weight,glucosinolate concentration and oil 
concentration of seed of two cultivars of rapeseed (the 
range of values for glucosinolates is given in brackets) 
Treatment 
Control 
Stressed 
throughout 
Stressed after 
flowering 
Control 
Stress~d 
throughout 
Stressed after 
flowering 
1. s. d. 
Cultivar 
Water regime 
Interaction 
Seed 
yield 
(g/plant) 
6.54 
0.74 
0.87 
3.98 
0.79 
1.15 
1.30 
1000-seed Glucosinolate Oil 
weight 
(g) 
concentration concentration 
(µmol/g) (%, w/w) 
Wesbrook 
5.10 8.80 (6-15) 38.84 
3.35 23.30 (10-40) 31.22 
3.37 21.20 (11-28) 32.14 
Bunyip 
3.03 27.60 (11-47) 34.86 
2.47 54.40 (40-65) 32.72 
2.34 41.10 (28-50) 29.40 
0.92 12.40 5.19 
Significance of treatment effects 
* ** ** 
n.s. 
** ** ** ** 
** 
n.s. n.s. n.s. 
*, Significant at .PC0.05; **, significant at .PC0.01; n.s., not significant 
(~O. 05). 
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When plants were stressed for water only after flowering, their seeds 
appeared to contain as much glucosinolate as in plants stressed from soon 
after sowing. This suggests that accumulation of the metabolites responsible 
for glucosinolate synthesis occurs primarily after flowering and that this is 
the sensitive period in which water stress can cause an increase of 
glucosinolates in the seed. Robbelen and Thies (1980) also considered that 
glucosinolates accumulated in the seeds of rape progressively during their 
development to reach a maximum at maturity. The water stress applied after 
flowering also had similar effects on oil content to stress applied 
throughout. It appears that conditions prevailing during the synthesis of 
seed material largely determines their oil and glucosinolate content. The 
plants which were stressed throughout, treatment (ii), tended to have higher 
concentrations of glucosinolates than those stressed after flowering, 
treatment (iii), although the difference was not statistically significant. 
This suggests the possibility of pre-flowering effects in addition to the 
post flowering effect. As stress developed more quickly in treatment (iii) 
there was less time to accumulate the organic solutes responsible for osmotic 
adjustment to water stress (Turner and Jones, 1980). These solutes could 
include glucosinolate metabolites. 
These experiments show that water stress after flowering reduces seed 
yield and oil content and increases glucosinolate concentration of the seeds. 
This appears to explain the higher glucosinolate content of rapeseed meal in 
a drought year and with late sowing which leads to pod filling under 
increasingly arid conditions (Sang et al. 1986). Whilst genotypes can be 
selected for low glucosinolate content (e.g. cv. Wesbrook) it is necessary to 
manage the rape crop in ways which reduce the risk of moisture stress after 
flowering. 
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Table 6.2. Effects of water stress on the average fatty acid composition 
(% of total fatty acids) of two cultivars of rapeseed (n=5). 
Treatment % Fatty Acid Composition 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
Wesbrook 
control 4.5 2.0. 60.4 17.6 12.9 0.7 1.2 0.3 0.2 
late stress 4.4 0.9 55.0 21.2 15.7 0.7 1.4 0.3 0.2 
stress through 4.1 1.9 56.3 20.5 13.6 0.9 1.4 0.6 0.4 
Bunyip 
control 3.1 1.4 55.1 19.9 13.9 0.9 2.3 0.6 2.9 
late stress 3.5 0.9 50.1 23.0 17.2 0.8 1.8 0.4 2.0 
stress .through 3.4 0.8 54.5 22.0 14.8 0.7 1.7 0.3 1.6 
I 
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CHAPTER 7 
EFFECTS OF PHOTOPERIOD ON GLUCOSINOLATE AND OIL CONCENTRATION IN THE SEEDS OF 
RAPE AND TURNIP RAPE 
Introduction 
As described in earlier chapters, due to the range of environments in which 
rapeseed is grown, sowing extends from the autumn (March-April) to mid spring 
(September). Harvesting is completed in northern N.S.W. by late October but 
may not commence until the following January in South Australia. Daylength at 
anthesis in the Moree district (August) is considerably shorter than in 
Mundulla, S.A., at the same period of maturity (December). 
The effect of environment has been shown to influence quality factors such 
as glucosinolate concentration (Appendix Ile and d) although the reasons for 
this are unknown. Based on studies of temperature, sulphur and moisture 
availability, all of which have been found to influence rate of maturity 
(Chapters 4, 5 and 6), it would appear that the length of the period between 
flowering and senescence has a strong influence on seed quality. 
Photoperiod has been shown to influence floral development in B. napus and 
B. rapa cultivars, the number of days to flower decreasing with increasing 
photoperiod (King and Kondra, 1986). 
As photoperiod has a strong influence on floral development and plant 
maturity it would suggest that photoperiod may also be influential in the 
development of the plants chemical composition. 
To study the effects of photoperiod on glucosinolate and oil 
concentration, Brassica napus; (cvv. Wesbrook, Maluka, and Marnoo) and 
Brassica rapa; (cv. Bunyip) were grown in each of two controlled environment 
cabinets at 10 hour and 16 hour photoperiods. Fatty acid profiles, yield and 
1000-seed weights were also determined. 
I 
_.......... 
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Materials and Methods 
Four rapeseed cultivars were grown under 2 photoperiods in controlled 
environment cabinets with 4 replicates in a randomised design. 
Plant J11Bterial and culture 
Potting mix (plus 5 g "Starter 18" fertilizer) was blended and placed into 
10" pots. Five seeds of each cultivar were sown into 8 separate pots. Four 
pots of each cultivar were placed into one of 2 controlled environment 
cabinets. The pots were thinned to 3 plants shortly after emergence (5 days). 
Plants were watered daily and pots were relocated randomly within the cabinet 
each week to overcome any preferential light exposure. 
The photoperiods of the two cabinets were set at 10 hours and 16 hours 
respectively, utilising both tungsten and fluorescent lights. Photon flux 
density measured with a Licor quantum meter, was 120 µE/m2/s. Temperature of 
both cabinets was 18/8°C day/night. 
Chemical analyses 
Seed yield and 1000-seed weight were determined from each pot prior to 
chemical analysis. 
Oil concentration, fatty acids and total glucosinolates were analysed by 
methods described in chapter 2. 
Statistical analysis 
Yield and grain weight data were subjected to standard analysis of variance 
without transformation. Complete numerical data are presented in Appendix 
Vla-c. 
Results 
GrONl:h and Yield 
Due to the apparently insufficient light conditions within the controlled 
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environment cabinet, Bunyip plants failed to develop. Although some flowers 
were produced, they did not set any seed despite daily brush pollination. The 
three B.napus cultivars were also small and under-developed although they did 
produce some seed. Due to the long period required to reach maturity and high 
humidity, plants had to be sprayed for powdery mildew on two occasions. 
Reduced photoperiod extended the period from germination to maturity by 
100 days. Pod abortion rates were high in both treatments. 
Short daylength plants had significantly higher 1000 grain weights 
(.PC0.01) than long day plants (Table 7.1). Seed yield differences were not 
significant (~0.05) between treatments. 
Due to the poor yield, replicates were blended following detennination of 
seed yield and 1000 grain weight. As a result no statistical analysis was 
possible on oil and glucosinolate concentrations. 
Glucosinolates 
There was no consistent trend in glucosinolate concentrations with Marnoo 
levels increasing under long day length while Maluka and Wesbrook decreased 
under the same conditions (Table 7.1). Glucosinolate levels produced under 
both treatments were similar to those produced under normal conditions in the 
field. 
Oil Concentration and fatty acids 
The results indicate that there was no strong influence of photoperiod, with 
only Wesbrook producing more oil under long daylength (Table 7.1). Fatty acid 
profiles for the three cultivars did show a common trend (Table 7.2) with 
longer daylengths favouring unsaturation, producing greater proportions of 
linoleic (Cl8:2) and linolenic (Cl8:3) acids with corresponding reductions in 
oleic acid (Cl8:l). 
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Table 7.la. Effects of photoperiod on average (n=4) seed yield, 1000-seed 
weight and glucosinolate and oil concentration of seed of three 
cultivars of rapeseed. 
Photoperiod Glucosinolate 
(hours) concentration 
(,-.unoles/g) 
10 46 
16 67 
10 19 
16 16 
10 40 
16 39 
1. s. d. 
Seed 
yield 
(g) 
Marnoo 
3.81 
2.77 
Naluka 
2.89 
3.31 
Wesbrook 
2.47 
2.82 
1.10 
1000-seed Oil 
weight concentration 
(g) (%) 
3.66 42.9 
3.25 43.4 
3.47 39.1 
2.74 40.6 
3.76 37.6 
3.40 42.0 
0.38 
Significance of treatment effects 
Cultivar 
Photoperiod 
Interaction 
n.s. 
n.s. 
n.s. 
* 
** 
n.s. 
*, Significant at .PC0.05; **, significant at .PC0.01; n.s., not significant 
(P,0.05). Glucosinolate and oil concentration were not statistically analysed 
as replicated samples had to be blended together for analysis. 
I I . 
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Table 7.lb. Effects of photoperiod (lOhours and 16hours) on the 
average (n=4) fatty acid profile(% of total) in oil 
from the seeds of 3 cultivars of rapeseed. 
Fatty Acid Composition Photoperiod 
(hrs) 16:0 16:1 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
Narnoo 
10 4.33 0.09 1.63 65.05 17.63 9.28 0.25 1.44 0.24 0.05 
16 4.39 0.10 1.33 61.0 20.5 10.6 0.25 1.60 0.27 0.05 
Maluka 
10 4.35 0.32 1.43 63.5 18.4 9.42 0.68 1.47 0.46 0.00 
16 4.42 0.35 1.25 55.4 23.0 13.2 0.62 1.42 0.36 0.06 
ltfesbrook 
10 4.45 0.35 1.67 63.9 17.4 9.50 0.72 1.62 0.30 0.06 
16 4.62 0.34 1.44 59.6 20.5 11.0 0.64 1.49 0.32 0.06 
Discussion 
The controlled environment cabinets in which this experiment was conducted 
produced insufficient light to allow normal development of the plants. As a 
result the experiment has several deficiencies. Despite this, the effect of 
photoperiod on plant development was obvious with long day plants flowering 
earlier than short day plants and maturing up to 100 days earlier. This 
observation demonstrates the different conditions under which field grown 
plants may be subjected when sown in early autumn or late spring. 
Different photoperiods did not produce different levels of glucosinolates. 
An important finding was that glucosinolate levels, despite poor light 
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conditions, reached normal field concentrations. This would indicate that 
light intensity and daylength do not play a significant role in glucosinolate 
synthesis. Perhaps more importantly is the indirect aspect of photoperiod 1n 
that it may delay plant development sufficiently to extend into the drier 
months at which time water and temperature stress may be experienced. 
Shorter photoperiods and thus longer growing periods produced a lower 
degree of unsaturation in the oil. This is in agreement with the findings of 
Soulski and Gore (1963) who found higher levels of linolenic acid with longer 
photoperiods and shorter periods of maturity. In temperature experiments, 
higher temperatures with shorter maturity have been found to produce less 
unsaturation than cold temperatures. This appears to be due to the reduced 
growing time which the plant has to convert oleic acid to linoleic and 
linolenic acids. These photoperiod experiments would suggest that the growing 
period is not as important as the actual daylength. Furthermore, it can be 
seen that despite production of reasonably high levels of linoleic and 
linolenic acids, neither treatment produced normal levels of longer chain 
fatty acids such as erucic acid (C22:l). For example, Marnoo is commonly 
around 2% in the field but was only 0.05% in the growth cabinet. It could be 
that light energy was sufficient in long day plants to allow desaturation of 
Cl8 but insufficient for elongation to C22:l. 
From the results of this experiment, it appears that although daylength 
does not influence glucosinolate and oil concentration it is important in 
determining the growing period of the plant and the degree of fatty acid 
unsaturation in the oil. 
I _ 
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CHAPTER 8. 
FIELD STUDIES AND GENERAL DISCUSSION OF ENVIRONMENTAL EFFECTS ON 
GLUCOSINOLATE AND OIL CONCENTRATION IN RAPESEED. 
Introduction 
Field studies over several years have shown rapeseed quality to exhibit 
significant cultivar, site, and site by environment variability in chemical 
composition (Mailer and Wratten, 1985; Appendix 1). Controlled environment 
studies have been carried out to determine which environmental factors 
contribute most to this quality instability, particularly in regard to 
glucosinolates (Chapters 4,5,6 and 7). Of the factors studied, temperature, 
sulphur nutrition and water stress have been found to have significant 
influences on specific rapeseed quality components. 
Increased sulphur availability caused significant increases in 
glucosinolate concentration and moderate increases in the proportion of oleic 
acid in the oil. Sulphur deficiency resulted in reduced yield and total oil 
concentration. 
Wate.r stress reduced yield and oil concentration and caused significant 
increases in glucosinolate concentration. As only severe stress conditions 
were measured, it is not clear whether progressively increasing stress caused 
increasing levels of glucosinolates. Water stress had negligible effect on 
the fatty acid profile of the oil. 
Increased temperature was found to reduce seed yield and oil concentration 
while at the same time increasing protein concentration. Glucosinolate 
concentration did not show significant or consistent effects over differant 
temperatures. However, fatty acid desaturation was strongly inhibited by 
increased temperatures, resulting 1n high levels of oleic acid and reduced 
linoleic and linolenic acid levels. 
Despite having no consistent influence on glucosinolates, increased 
photoperiod resulted in slight increases in oil production and a higher 
( 
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degree of unsaturation in the oil. Seed weight was reduced with increased 
photoperiod. 
Field trials, carried out annually by the N.S.W. Department of 
Agriculture, have been utilised in this study to further quantify the effects 
of these specific factors. Six cultivars of rapeseed, grown at 18 sites 
throughout the rapeseed growing areas of N.S.W. were examined. Water 
availability was measured at each site. Soil sulphur status was determined by 
measuring plant tissue sulphur concentration. Seed glucosinolate and oil 
concentrations were also determined together with the oil fatty acid profile. 
The results of these trials and the relationship with the controlled 
environment studies are discussed. 
Materials and methods 
Field Trials. 
Seed samples of 6 commonly grown rapeseed cultivars grown at 18 sites from 16 
areas throughout N.S.W. (Table 8.1) were examined. The trials were sown and 
harvested at times common to commercial rapeseed crops within each individual 
area as . determined by the Agronomist conducting the trial. 
Table 8.1. Rapeseed sites and cultivars utilised in field trial studies. 
Sites Narrabri, Gunnedah, Coonamble, Wagga Wagga, Junee Reefs, 
Deniliquin, Yanco, Condobolin, Forbes, Temora, Moree, 
Trangie, Glen Innes, Gerogery, Galong, Cowra 
Cultivars B. rapa - Bunyip; 
B. napus - Marnoo, Wesbrook, Tatyoon, Maluka, Shiralee 
I 
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Table 8.2. Mean site yield and sowing dates of N.S.W. field trials 1n 1986. 
Site Sowing date Mean site yield 
(kg/ha) 
Narrabri 
* 
29/4 2147 
Temora 30/4 
Wagga Wagga 2/5 2482 
Junee Reefs 2/5 2547 
Deniliquin 
* 
8/5 
Moree West 12/5 1231 
Moree East 13/5 859 
Gunnednh 19/5 2492 
Cowra 20/5 2416 
Coonamble 20/5 
Yanco 22/5 2186 
. Trangie 
** 
23/5 
Condobolin 3/6 358 
Gerogery 5/6 2843 
Galong 5/6 
Forbes 13/6 
Condobolin 
* 
30/6 2576 
Glen Innes 12/9 
* - irrigated sites; ** - irrigated at sowing but very dry thereafter. Temora 
and Deniliquin experienced some waterlogging. 
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Yield and Sowing Times 
Sowing dates and yield data (Table 8.2) were obtained from the Department of 
Agriculture "Agfact-Agdex 144/34" (Wratten, Mailer and Sykes, 1986) for 
calculation of water availability at critical stages of growth. Some yield 
data were unavailable due to some trials not being harvested. 
Water Availability. 
Daily rainfall and evaporation data were collected either directly from the 
trial site or from nearby meteorological stations where possible. Rainfall 
data was collected from all but 5 sites. Data from Wagga Wagga was used for 
Junee Reefs and Gerogery. Condobolin had 2 sites, one was irrigated and the 
other was dryland. 
The data were analysed to determine water availability using a computer 
model designed by Drs. G. Murray and P. Cornish of the Agricultural Research 
Institute, Wagga Wagga. The program was designed to provide moisture 
availability at sowing, anthesis and maturity within individual profiles of 
the root zone as well as evapotranspiration figures pre-flowering and post-
flowering (Table 8.3). To achieve maximum benefit of the program, it was 
necessary to collect rainfall and evaporation data for 12 months preceding 
sowing (to determine soil moisture profile at sowing) and until harvest of 
the trials in 1986. 
Rainfall variation across the state was large as shown in the soil water 
profile and evapotranspiration figures in Table 8.3. 
Site Sulphur Status 
To determine relative sulphur availability at each site, one cultivar of 
rapeseed (cv. Marnoo) was selected to act as a site indicator. Plant tissue 
samples were collected from samples of each of the 4 replicates of Marnoo at 
each site at two stages of growth: 
a) plant leaves were sampled at the 6 leaf stage of growth, just prior to 
...... 
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stem elongation, to indicate sulphur status of the soil at sowing; and 
b) buds were sampled just prior to flowering to attempt to determine 
sulphur available for glucosinolate synthesis during pod development. 
Table 8.3 Available soil water ( ), at 3 stages of growth,in the 
Site 
Gerogery 
Wagga Wagga 
Junee Reefs 
Temora 
Deniliquin 
Glen Innes 
East Moree 
Forbes 
Cowra 
Narrabri * 
West Moree 
Trangie * 
Condobolin 
Coonamble 
Condobolin 
root zone profile, and evapotranspiration pre-anthesis and post-
anthesis at 15 field trial sites (*-designates irrigated sites). 
* 
* 
Available soil water 
sowing/anthesis/maturity 
32.8 79.7 36.8 
32.8 79.7 36.8 
32.8 79.7 36.8 
94.2 165.8 85.9 
185.0 178.0 51. 2 
16.8 22.1 45.8 
17.9 16.6 4.9 
15.4 28.4 1.8 
9.0 59.3 54.2 
183.0 175.0 50.0 
9.7 27.2 6.0 
130.0 106.0 28.0 
14.6 8.2 0.0 
16.8 14.1 0.0 
22.7 . 183. 0 124 
Evapotranspiration 
pre-anthesis/post-anthesis 
197.1 274.4 
197.1 274.4 
197.1 274.4 
158.2 260.7 
125.6 310.2 
96.1 108.6 
172.3 96.7 
195.2 85.6 
147.1 73.3 
363.2 154.2 
175.7 72.0 
225.3 114.6 
113.9 49.0 
140.0 33.1 
114.3 188.1 
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Chemical analysis 
Oil was determined by solvent extraction, oil fatty acids were analysed as 
methyl esters by gas chromatography, and total glucosinolates were analysed 
as glucose by the methods described in chapter 2. Plant tissue sulphur 
analysis is also described in chapter 2. 
Statistical analysis 
Field data were subjected to standard analysis of variance without 
transformation. 
Water influence on oil concentration and yield was analysed by fitting a 
quadratic equation using the least squares criterion. 
To study the effect of water availability on glucosinolate concentration, 
an inverse quadratic equation was fitted (Nelder, 1966) given by: 
y = 
ax2 +bx+ c 
because it is asymmetric and tends to zero (and not to negative) as x tends 
to infinity. 
Complete numerical data for glucosinolate, oil and protein concentration 
and fatty acid profiles are presented in Appendix VIIc-g. 
Results 
Sulphur Status 
At some sites it was not possible to collect plant tissue at the optimum 
time. Of the 15 sites where sulphur was analysed, leaf analysis of young 
plants revealed average total sulphur concentrations of 0.54% with a range 
from 0.22 to 0.94%. Sulphur content of unopened bud clusters in mature plants 
averaged 0.38% and ranged from 0.25 to 0.54%. Sulphur, manganese, magnesium 
and calcium concentrations are presented in Appendix VIIa and b. 
Bud sulphur had an inverse relationship (r2 =46%) with available soil water 
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at anthesis (Fig. 8.1) with sulphur levels decreasing at higher moisture 
levels. 
There was also a consistent trend (r2 =51%) between plant sulphur and bud 
sulphur, with sulphur levels in young plants being generally higher than in 
buds (Fig. 8.2). Two sites, Temora and Narrabri, however showed considerable 
reduction from high plant sulphur to low bud sulphur and were omitted from 
the regression analysis. Temora was waterlogged for some time post-anthesis 
and Narrabri was an irrigated site. These factors may have contributed to 
leaching of sulphur from the soil. 
Glucosinolate concentrations 
Glucosinolate concentration showed significant variation between cultivars 
(..PC0.01), sites and site x cultivar interaction (Table 8.4). The relative 
order of cultivars was generally consistent but some cultivars performed 
differently under the wide range of conditions. Bunyip was consistently 
higher in glucosinolates than other cultivars except at Trangie and Glen 
Innes. 
The degree of environmental influence expressed by the 6 cultivars over 
the range of sites was similar despite the large differences in glucosinolate 
concentration between cultivars i.e. Bunyip, 57pmol/g +32%; Marnoo, 45µ.mol/g 
+34%; Wesbrook, 3lµmol/g +49%; Tatyoon, 40µmol/g +46%; Maluka, 19µmol/g +45%; 
Shiralee, 18µmol/g +44%. 
....... 
Fig. 8#1. The relationship between sulphur concentration in buds of 
rapeseed plants and available soil water at anthesis 
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Table 8.4 Oil and glucosinolate concentration of rapeseed grown at 18 sites 
throughout N.S.W. in 1986, (the range of values for 
glucosinolates is given in parenthesis, detailed results are 
presented in Appendix Vile and d). 
Cultivar 
Bunyip 
Marnoo 
Wesbrook 
Tatyoon 
Maluka 
Shiralee 
l.s.d (P.::0.05) 
cultivar 
site 
Oil Glucosinolate 
concentration concentration 
(%) (pmol/g) 
39.8 57 (39-76) 
40.8 45 (30-61) 
40.6 31 (16-47) 
40.6 40 (15-65) 
40.3 19 (10-29) 
40.8 18 (13-28) 
0.98 3.9 
Significance of treatments 
n.s. 
** 
** 
** 
(n.s., not significance - ~0.05; **, significant - FC0.01). 
Oil concentrations 
Oil concentration did not vary significantly between cultivars (~0.05; Table 
8.4). The difference between sites and site by cultivar interaction however 
was significant (FC0.01). Temora, which was waterlogged on several occasions, 
produced the highest oil concentrations in 5 out of 6 cultivars; Bunyip 
performed best at Deniliquin, an irrigated site. Lowest oil concentrations 
( 
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were obtained at Coonamble and Condobolin, both sites being visually water 
stressed throughout the season and as shown in Table 8.3. 
Discussion 
Glucosinolates 
Glucosinolate concentration in rapeseed is seen to be subject to a strong 
genetic influence, inasmuch as despite considerable environmental variation, 
individual cultivars generally maintain a constant mean and range over the 
several sites tested each year. At some sites, the glucosinolate 
concentration of all cultivars is found to be high in relation to the mean 
concentration of the individual cultivar. However, the maximum potential 
concentrations of individual cultivars remains within a characteristic range. 
Based on controlled environment experiments, the factors most likely to 
influence glucosinolate concentration in the meal of rape are sulphur 
availability and water stress. The results of sulphur experiments (chapter 5) 
indicate that initially sulphur is utilised by the plant to satisfy the yield 
component with glucosinolate synthesis restricted when sulphur is limiting. 
Clearly, in field grown plants, if sulphur is limiting, regardless of other 
factors, glucosinolate levels will be low due to the high sulphur content of 
the glucosinolate molecule. 
i) Sulphur 
Increasing rates of sulphur nutrition in the glasshouse have been shown to 
increase rapeseed glucosinolate concentration to characteristic field levels 
for each cultivar. The response was found to reach a plateau and further 
increases in sulphur did not result in further increases in glucosinolates. 
Nonetheless, Holmes (1980) suggests that high levels of sulphur can increase 
glucosinolates considerably providing there are no other limitations such as 
restricted glucose supply. 
Generally, sulphur was not an independently limiting factor at the field 
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sites studied. Statistical analysis of sulphur levels in young plants and in 
plant buds in field trials did not show any relationship with seed 
glucosinolate concentration. It can be seen also that sulphur levels found in 
the field were generally as high as, or higher than, the bud sulphur levels 
in plants grown in the glasshouse under the highest rates of sulphur (Chapter 
5). The exceptions to this were at two sites, Temora and Narrabri, where a 
considerable reduction in measured sulphur between the young plant stage and 
anthesis was found (Fig. 8.2), suggesting that sulphur levels had become 
limiting at those two sites. Generally, therefore, sulphur did not directly 
impede the synthesis of glucosinolates in the field sites chosen for these 
studies although it may have worked in conjunction with other factors to do 
so. This is also in agreement with the findings of Parnell et al. (1983) who 
concluded that sulphur effects in the field were small and could not account 
for the large variation in glucosinolates over successive seasons. 
Despite the apparent adequacy of sulphur for glucosinolate synthesis, the 
measured sulphur values of both plant and buds are considerably less than 
those suggested to be optimum levels (Schultz and French, 1978; Schnug et al. 
1985). It is possible, therefore, that the crops produced less than the 
maximum yield potential. However, even the highest sulphur treatments in the 
glasshouse experiments did not reach the high levels suggested by Schnug et 
al. (1985) or Armitage (1972). An explanation may be in the methods used for 
analysing sulphur and although recovery of sulphur was verified with the 
method used here, no attempt was made to compare other methods of sulphur 
analysis. Alternatively, cultivar differences may have produced the 
discrepancy. In any event, the results presented here suggest that the 
"optimum" values reported by Armitage (1972) cannot be generalised. 
ii) Water Availability 
Of the 18 sites studied, some site data were not analysed. Coonamble was a 
very dry site and was outside the limitations of the water prediction model 
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(G. Murray, personal connnunication) which is based on the removal of some 
water by young plants and possibly overestimated at this site. Trangie was 
initially irrigated and then the trial was abandoned without further 
irrigation. This was therefore atypical of a rapeseed plot and resulted in 
reasonably high evapotranspiration figures despite the site having virtually 
no yield. The plots at Glen Innes were sown in September (spring) which is 
atypical of rapeseed normally sown in late autumn or early winter in 
Australia. Temora and Narrabri data were deleted due to an apparent 
deficiency of sulphur (as determined from the relationship between plant and 
bud analysis) which may have restricted glucosinolate synthesis under the 
prevailing conditions of those sites. 
Available soil water is an indicator of the total water in the root 
profile at particular stages of growth. Evapotranspiration, however, takes 
into account climatic conditions including temperature and evaporation at 
each site and would be considered a better indicator of plant water usage. 
Neither available soil water at sowing, anthesis or maturity, nor 
evapotranspiration pre-anthesis, showed a strong relationship with measured 
glucosinolate concentrations. However, a strong and consistent trend was 
found with evapotranspiration post-anthesis and glucosinolate concentration. 
For each of the six measured cultivars, glucosinolate concentration was found 
initially to increase rapidly to a maximum at about 140 nnn of water. The 
concentration then decreased with increasing levels of water (Figures 8.3a-
f). The trend was consistent in all cultivars with the calculated 
glucosinolate maximwn occurring between 132 and 149 mm of water. These 
findings show beyond doubt that moisture, either directly or indirectly, has 
a major influence on the glucosinolate concentration on rapeseed, at least 
under N.S.W. conditions. Although the regression equations accounted for only 
34 and 48% of variation for 2 of the cultivars, regressions of 67 to 82% for 
the remaining 4 provide good evidence to support the theory that water 
availability influences glucosinolate concentration. 
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These results were consistent despite several deficiencies in the 
experimental procedure e.g. trials were carried out by individual District 
Agronomists using their own particular systems, and environments and sowing 
times varied by up to 60 days. Fertilizer application was inconsistent 
between sites and the cultivars used were bred in Victoria, Western Australia 
and N.S.W., and included B. rapa and B. napus types. Consequently, it appears 
that this approach of relating glucosinolates to water availability applies 
under a wide range of conditions. 
Several likely reasons are given for the influence of water on 
glucosinolates. Firstly, it appears that sulphur translocation from the 
soil to the plant may be a major factor. The supply of adequate sulphur for 
glucosinolate synthesis is essential as each molecule of glucosinolates 
contains 2 sulphur atoms. The most likely effect of water is to inhibit 
translocation of sulphur to the plant under very dry conditions, resulting 1n 
a sulphur deficiency in the plant and hence low glucosinolates. As sulphur 
becomes more available with more water, through improved translocation, 
glucosinolates synthesis proceeds up to the genetic limitations of the 
particular cultivar or at least until some other component becomes limiting. 
Further increases in water result in the production of bigger plants with 
more foliage, hence creating a dilution of available sulphur. A relationship 
has been observed between low sulphur content in plant buds and high water 
availability to support this theory (Figure 8.1). 
In a study of sulphur uptake at various stages of growth, Holmes (1980) 
found that rape plant sulphur tended to be low at the end of flowering and 
that there was a fluctuating balance between crop growth and its ability to 
obtain sulphur from soil or atmosphere. Therefore, timing of sulphur 
application has been found to be important with crops in high rainfall 
situations, even if sulphate-containing fertilizer has been added, presumably 
due to loss through leaching. 
In addition to these factors which may reduce sulphur availability, 
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Snowball and Robson (1983) have shown that there is little or no movement of 
sulphur out of old leaves in sulphur deficient plants. This has the net 
effect of sulphur being depleted in the already deficient plant as old leaves 
senesce and fall off. This is particularly important in a rapeseed crop which 
tends to lose virtually all of its foliage prior to seed maturity. 
The tissue culture work of Underhill (1980) suggests that under conditions 
of sulphur deficiency, endogenous myrosinase enzyme capable of hydrolysing 
glucosinolates, became active with a concomitant loss of glucosinolates 
within the cells. When organic sulphate was maintained at its original level, 
glucosinolate concentration reached a maximum after 8 days and remained 
constant for the next week while myrosinase activity remained at a low level. 
This increase in myrosinase activity may work in conjunction with the sulphur 
limiting devices explained here to reduce glucosinolates in intact plants. 
The poor relationship found between bud sulphur and seed glucosinolate 
concentration may be explained through the concentration or dilution effect 
of plant sulphur, depending on moisture availability, masking the true 
available sulphur at each site. Bud sulphur therefore may not be a reliable 
indicator of plant sulphur status nor indeed of the sulphur available for 
glucosinolate synthesis. It may be possible to predict sulphur status more 
accurately by the ratio of leaf sulphur in young plants to that of plant 
buds. In the case of Narrabri and Temora, both sites were analysed as having 
low bud sulphur in relation to the high initial plant sulphur and produced 
low levels of glucosinolates in terms of the measured evapotranspiration. As 
one site (Narrabri) was irrigated and the other waterlogged, it is possible 
that sulphur had become unavailable to the plant, possibly by leaching. This 
highlights the ability of sulphur deficiency to inhibit glucosinolate 
synthesis regardless of other environmental conditions. 
These findings have several important implications. The maximum 
glucosinolate concentration of each each cultivar, calculated from the 
glucosinolate/evapotranspiration curve (Fig 8.3a-f), is in close proximity to 
( 
I I 
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the highest levels of glucosinolates connnonly measured in each of the 
cultivars (Appendix I). It appears therefore that the evapotranspiration 
value at the glucosinolate maximum is the optimum level for glucosinolate 
synthesis, providing sulphur is not limiting. 
Assuming that the glucosinolate maxima always occur at a similar 
evapotranspiration level, it should be possible to estimate the maximum 
potential level of glucosinolates in individual breeding lines grown over 
several sites, providing evapotranspiration rates are measured. Weather data 
are generally available from trial sites since these are often research 
stations. 
It should therefore be possible to ascertain whether a particular site 
used for growing rapeseed was favourable to glucosinolate synthesis and this 
would assist in determining their suitability as potential breeding lines. 
Furthermore, this could assist from a commercial point of view for 
oilseed-processing plants to predict which sites in a particular year may 
produce rapeseed which exceeds the stringent requirements of the export 
market, and these may be subject to more intense evaluation at the crushing 
plants. _ 
The findings explain why it is difficult in controlled environment studies 
(e.g. P. Salisbury, Victorian Department of Agriculture, personal 
connnunication) to create an effect of high glucosinolate concentration with 
water stress. If, under the chosen experimental conditions, pots contain 
insufficient (or excess) moisture, then the maxima would not be achieved. 
Also, unless all replicated pots contained identical levels of moisture, a 
wide range of glucosinolate concentrations between replicates would result 
from controlled environment studies. 
Oil concentration 
Oil concentration showed little variation between cultivars (~0.05) but the 
variation between sites (n=15) was highly significant (.PC0.01, Table 8.4). As 
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water availability had most influence on oil concentration 1n controlled 
environment studies, a relationship was expected between trial site moisture 
and oil concentration. This was the case when plotted against available soil 
moisture at anthesis (Fig 8.4; R2=62%) and also for evapotranspiration post-
anthesis (Fig 8.5; R2=49%). 
Although the regressions between oil and water were relatively low, 
several factors may have been responsible. Some sites were irrigated and it 
was necessary to estimate equivalent rainfall figures. In these cases 
sufficient was added to the model to fill the soil profile to field capacity 
although this may have been an overestimation. Also, it can be seen from some 
sites such as Trangie that although irrigation was applied and it had a large 
influence on the post-anthesis evapotranspiration value, no irrigation was 
applied toward crop maturity and the plants were observed to be severely 
wilted. This trial was not harvested due to poor crop density and low yield. 
The range of site conditions and the limitations of the soil water model 
obviously reduced the regression value. The relationship was much lower 
between oil concentration and moisture at sowing (R2=22%) or 
evapotranspiration pre-anthesis (R2=6.0%) indicating that moisture post-
anthesis has the major effect on oil concentration. Regressions were done on 
individual cultivars using the same anthesis and maturity date although these 
dates may vary by a few weeks between cultivars. The regressions may have 
improved if site means had been utilised. 
As oil determines the ultimate value of the crop, moisture stress is of 
particular importance in Australia where, generally, the period of flowering 
to maturity occurs during the drier, late spring to summer months. This 
highlights the advantages of irrigation in southern N.S.W. and the potential 
for northern areas where summer rainfall predominates. 
Conclusions 
In a natural environment, several factors act concurrently to influence the 
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Fig. 8.4. The relationship between oil concentration 10 rapeseed 
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growth and development of plants. Some of these factors act to a greater 
degree to influence particular parameters within the plant. The conclusions 
which can be drawn from the present studies are, firstly, that synthesis of 
glucosinolates is influenced to a large degree by water availability. Field 
trials confirm the findings of controlled environment studies regarding the 
relationship between water deficits and high glucosinolate concentration. 
Moisture also has a significant influence on oil concentration, yield and 
seed weight. Neither the amount of light nor variations in temperature had 
noticeable effects on glucosinolate concentration. 
New cultivars of rapeseed are being bred with lower glucosinolate 
concentration and higher oil production as maJor objectives. It is important 
that these new types become more stable across the range of environments to 
ensure consistency for industry. Plant breeding for drought tolerance and for 
early maturing cultivars to avoid the dry summer conditions can help to 
overcome the environmental influences on quality. 
Although moisture inadequacy is a characteristic of the Australian 
environment, there are various management practices which can help to 
overcome some of the problems. These include factors available to the grower 
which make the most benefit of soil moisture and winter rainfall including 
sowing time, weed control and stubble retention. 
Further work is required to supplement the findings of this project and 
verify, or otherwise, the effect of water stress on glucosinolate synthesis 
and/or breakdown. Monitoring of sulphur uptake under varying conditions of 
water stress and the relationship between nitrogen and sulphur would no doubt 
provide more information on nutrient translocation within the plant. A study 
of sulphur concentration within the intact plant and in fallen leaves would 
provide information as to where sulphur may be removed from the system. The 
activity of myrosinase on glucosinolates within the plant cells under water 
stress and sulphur deficiency, is another avenue requiring additional 
investigation. 
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Appendix I - Quality Data for N.S.W. Rapeseed Trials from 1981 to 1985 
1981 Rapeseed Variety Trials 
COMMENTS: Results are the mean values of 4 replicates. There were 2 sites at 
Wagga. Crops were badly affected with drought and Rutherglen bug attack 
Cultivar Sowing Oil content Erucic acid Glucosinolate Yield 
date (%) (%) content (pmol) kg/h 
Cowra 
Jumbuck 11/5/81 38.5 2.1 81 1043 
Condobolin 
Marnoo 11/5/81 41. 0 
* * 
1432 
Jumbuck 11/5/81 35.6 3.2 71 535 
Galong 
Wesbrook 2/7/81 39.8 0.3 30 864 
Marnoo 2/7/81 39.9 1.1 32 807 
Wesroona 2/7/81 36.5 0.5 30 779 
Temora 
Marnoo 13/5/81 39.9 
* * 
1716 
Wesroona 13/5/81 38.1 
* * 
1645 
Jumbuck 13/5/81 36.0 2.5 73 1459 
Trangie 
Marnoo 7/7/81 42.2 1.2 36 2048 
Wesroona 7/7/81 39.2 0.4 35 1594 
Jumbuck 7/7/81 36.3 2.1 69 1110 
Lockhart 
Wesbrook 27/5/81 32.5 0.3 29 532 
Marnoo 27/5/81 33.5 1.2 31 450 
Wesroona 27/5/81 33.8 0.5 28 390 
Jumbuck 27/5/81 30.1 2.1 77 233 
Wagga Wagga 
Wesbrook 14/5/81 19.1 0.7 19 
* Marnoo 14/5/81 27.3 1.4 30 * Marnoo 14/5/81 17.7 1.5 21 
* Wesroona 14/5/81 22.7 0.7 22 238 
Wesroona 14/5/81 15.1 1.3 19 250 
Jumbuck 14/5/81 31.8 2.4 56 432 
Bunyip 14/5/81 36.1 0.7 58 781 
Wellington 
Marnoo 17/6/81 42.2 1.1 33 1139 
Wesroona 17/6/81 39.4 0.4 39 1236 
Jumbuck 17/6/81 37.8 2.6 55 903 
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1982 Rapeseed Variety Trials 
COMMENTS: Results are the mean values of 4 replicates. Condobolin site was 
irrigated. Poor yield due to drought. 
Cultivar Sowing Oil content Erucic acid Glucosinolate Yield 
date (%) (%) content (pmol) kg/h 
Condobolin 
Marnoo 13/5/82 39.5 0.9 38 2537 
Wesroona 13/5/82 39.7 0.6 34 2217 
Wesbrook 13/5/82 39.0 0.5 39 2336 
Jumbuck 13/5/82 42.5 2.1 65 1979 
Gerogery 
Bunyip 3/6/82 39.3 0.7 64 771 
Jumbuck 3/6/82 40.1 1.6 66 795 
Wesbrook 3/6/82 42.1 0.3 34 752 
Wesroona 3/6/82 40.1 0.4 29 679 
Marnoo 3/6/82 43.4 0.8 36 870 
Glen Innes 
Wesbrook 16/9/82 37.4 0.5 56 520 
Marnoo 16/9/82 38.0 0.9 53 490 
Wesroona 16/9/82 32.6 0.7 47 380 
Jumbuck 16/9/82 31.8 1.3 69 180 
Temora 
Jumbuck 2/6/82 35.0 1.6 77 253 
Bunyip 2/6/82 36.1 0.7 77 331 
Wesbrook 2/6/82 39.2 0.3 34 461 
Marnoo 2/6/82 39.3 0.8 43 451 
Wesroona 2/6/82 38.0 0.5 33 333 
Wagga Wagga 
Wesbrook 4/6/82 37.8 0.3 40 394 
Marnoo 4/6/82 38.0 1.0 55 359 
Wesroon.a 4/6/82 36.3 0.7 46 362 
Wesroona 11/6/82 35.8 0.7 52 444 
Wesbrook 11/6/82 35.9 0.7 48 442 
Wesroona 11/6/82 36.l 1.5 62 451 
Jumbuck 4/6/82 34.6 2.0 71 485 
Bunyip 4/6/82 33.5 0.9 77 331 
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1983 Rapeseed Variety Trials 
COMMENTS: Wagga Wagga had 2 sites. Canberra, Mundulla, Marrabel, Streatham & 
Mt Barker were part of an interstate trial & protein was also analysed. 
Cultivar Sowing Oil content Erucic acid Glucosinolate Yield Protein 
date (%) (%) content (µmol) (kg/h) (%) 
Canberra 
Bunyip 19/5/83 43.8 1.0 59 * 37.5 Jumbuck 19/5/83 44.5 2.9 64 
* 
36.7 
Marnoo 19/5/83 43.2 1.2 61 
* 
38.4 
Wesroona 19/5/83 39.9 1.2 38 
* 
39.8 
Wesbrook 19/5/83 43.9 0.6 29 
* 
39.8 
Eurongilly 
Bunyip 17/5/83 44.4 0.6 67 755 
* Jumbuck 17/5/83 45.4 1.9 71 920 
* Galong 
Bunyip 17/5/83 45.8 0.7 72 2165 
* Jumbuck 17/5/83 45.6 2.0 71 1736 
* Wesroona 17/5/83 45.0 0.6 42 1697 
* Wesbrook 17/5/83 47.0 0.2 31 2154 
* Marnoo 17/5/83 48.0 1.4 48 1974 
* I· Gilgandra 
Marnoo 10/5/83 44.2 1.3 55 2060 
* Jumbuck 10/5/83 43.0 2.1 71 1750 
* Bunyip 10/5/83 44.7 0.9 68 1780 
* Wesroona 10/5/83 40.0 0.7 44 2050 
* Wesbrook 10/5/83 42.8 0.2 33 2140 
* Lockhart 
Bunyip 
* 
44.0 0.9 66 
* * Jumbuck 
* 
43.6 1.2 59 
* * Marrabel 
Bunyip . 19/5/83 42.4 3.5 62 485 31.8 
Jumbuck 19/5/83 39.6 4.0 60 629 31.3 
Marnoo 19/5/83 44.9 1.1 44 1318 34.3 
Wesroona 19/5/83 45.9 1.4 33 1172 34.0 
Wesbrook 19/5/83 46.6 0.8 32 1308 33.7 
Mt. Barker 
Bunyip 23/6/83 44.2 2.4 57 1460 39.3 
Jumbuck 23/6/83 43.0 2.7 65 1420 39.9 
Marnoo 23/6/83 43.5 2.4 43 1690 41.0 
Wesroona 23/6/ 83 42.7 1.2 33 1780 41.9 
Wesbrook 23/6/83 45.0 0.3 21 2240 40.4 
Mundulla 
Bunyip 20/5/83 47.7 1.5 54 759 33.7 
Jumbuck 20/5/83 46.0 4.2 60 683 33.6 
Marnoo 20/5/83 47.9 0.9 39 1593 33.2 
Wesroona 20/5/83 47.4 0.9 31 1589 33.5 
Wesbrook 20/5/83 47.5 0.5 22 1598 34.2 
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Temora 
Bunyip 28/4/83 41. 8 1.1 64 1304 
* Jumbuck 28/4/83 41.8 1.9 64 1028 
* Wesroona 29/4/83 40.6 0.6 46 1544 
Wesbrook 29/4/83 43.4 1.3 35 1197 
* Marnoo 29/4/83 42.2 1.4 53 1588 
* Streatham 
Bunyip 15/7/83 43.4 1.6 47 1364 34.4 
Jumbuck 15/7/83 44.0 2.2 69 1355 34.2 
Marnoo 15/7/83 45.4 0.8 44 1681 34.1 
Wesroona 15/7/83 44.5 0.7 31 1549 36.4 
Wesbrook 15/7/83 46.1 0.4 - 26 1874 36.5 
Wagga Wagga 
Bunyip 28/4/83 43.4 0.9 63 735 
* Jumbuck 28/4/83 41.4 2.4 63 806 
* Bunyip 29/4/83 40.8 1.0 68 1086 
* Jumbuck 29/4/83 38.4 1.8 71 701 
* Wellington 
Bunyip 11/5/83 44.0 1.3 32 1130 
* Marnoo 11/5/83 41.6 1.4 23 1970 
* Wesbrook 11/5/83 41.4 0.2 16 1490 
* Jumbuck 11/5/83 40.4 2.3 38 1170 
* Wesroona 11/5/83 38.0 0.7 24 1540 
* 
I· 
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1984 Rapeseed Variety Trials 
COMMENTS:There are 4 Wagga sites(2 disease nursery,breeders trial and 
interstate trial). 
Cultivar Sowing Oil content Erucic acid Glucosinolate Yield Protein 
. (%) (%) content (µmol) (kg/h) (%) I date 
I 
Cambridge 
Wesbrook 15/5/84 49.3 0.7 28 2591 33.3 
Wesroona 15/5/84 49.4 1.1 28 1781 32.4 
Marnoo 15/5/84 50.4 2.6 53 2706 31.7 
Jumbuck 15/5/84 45.9 3.2 64 1947 33.8 
Bunyip 15/5/84 46.5 1.7 61 1954 33.3 
Canberra 
Wesbrook 18/5/84 42.6 0.5 35 1830 39.9 
Wesroona 18/5/84 43.6 1.3 29 1670 37.1 
Marnoo 18/5/84 44.6 1.4 44 2300 35.2 
Jumbuck 18/5/84 45.1 2.6 69 2180 35.5 
Bunyip 18/5/84 43.3 1.1 65 2450 35.6 
Bokerup 
Wesbrook 14/6/84 43.6 0.4 32 2140 40.1 
Wesroona 14/6/84 41.7 1.0 31 2000 41.0 
Marnoo 14/6/84 44.4 1.3 49 2160 40.6 
Jumbuck 14/6/84 42.7 2.3 68 1580 37.7 
Bunyip 14/6/84 42.5 1.2 71 1820 38.1 
Co.wra 
Wesbrook 24/5/84 42.2 0.2 37 2575 41. 0 
Wesroona 24/5/84 40.8 0.5 36 2375 41.0 
Marnoo 24/5/84 43.9 1.2 53 2798 37.8 
Jumbuck 24/5/84 42.7 2.1 72 2175 37.7 
Bunyip 24/5/84 42.8 0.9 74 2159 37.4 
Galang 
Wesbrook 14/5/84 45.8 0.7 42 2300 37.7 
Marnoo 14/5/84 45.9 1.6 63 2660 34.2 
Wesroona 14/5/84 42.2 1.4 45 2530 34.0 
Jumbuck 14/5/84 48.2 1.7 77 2280 
* Bunyip 14/5/84 48.0 0.7 74 2160 
* Gerogery 
Wesroona 4/6/84 44.3 0.6 47 1810 
* Jumbuck 4/6/84 45.3 1.7 74 1780 
* Wesbrook 4/6/84 45.8 0.2 32 2060 
* Marnoo 4/6/84 48.1 0.9 57 2310 
* Bunyip 4/6/84 46.6 0.6 72 1630 
* Gilgandra 
Jumbuck 
* 
47.9 2.6 60 
* * Bunyip 
* 
47.7 0.8 60 
* * Wesroona 
* 
46.4 0.8 40 
* * Wesbrook 
* 
48.9 0.1 29 
* * Marnoo 
* 
47.4 1.2 53 
* * 
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Grafton 
Jumbuck 
* 
47.6 1.9 60 
* * Wesbrook 
* 
45.6 0.4 42 
* * Bunyip 
* 
47.4 0.7 60 
* * Marnoo 
* 
47.3 0.8 56 
* * Wesroona 
* 
43.9 0.8 49 
* * Horsham 
Wesbrook 28/5/84 44.8 0.4 29 2850 38.9 
Wesroona 28/5/84 42.2 0.6 30 3070 40.1 
Marnoo 28/5/84 44.8 1.3 48 3400 38.0 
Jumbuck 28/5/84 41.4 2.4 60 1970 35.8 
Bunyip 28/5/84 38.6 1.2 - 61 1660 37.3 
Junee Reefs 
Wesbrook 3/5/84 44.6 0.8 30 1550 
* Marnoo 3/5/84 44.4 1.5 47 1650 
* Wesroona 3/5/84 44.5 0.7 37 1570 
* Jumbuck 3/5/84 42.6 2.0 69 2000 
* Bunyip 3/5/84 43.6 0.7 72 1850 
* Moree 
Bunyip 
* 
47.4 0.8 72 
* * Jumbuck 
* 
48.0 1.9 68 
* * Marnoo 
* 
45.4 1.3 81 
* * Wesbrook 
* 
44.9 0.2 43 
* * Wesroona 
* 
43.5 0.8 52 
* * Mt. Barker 
Wesbrook 28/6/84 45.7 0.3 28 1630 39.8 
Wesroona 28/6/84 43.2 1.3 32 1480 40.3 
Marnoo 28/6/84 44.1 1.4 53 960 40.6 
Jumbuck 28/6/84 44.8 2.2 75 1140 38.9 
Bunyip 28/6/84 42.4 1.3 65 1430 38.4 
Nundulla 
Wesbrook 20/7/84 43.6 0.3 36 1303 37.1 
Wesroona 20/7/84 42.5 1.0 42 923 37.0 
Marnoo 20/7/84 44.9 1.4 56 1076 36.5 
Jumbuck. 20/7/84 42.2 1.9 72 1034 35.1 
Bunyip 20/7/84 40.3 1.3 69 1066 34.8 
Narrabri 
Bunyip 
* 
41. 8 0.9 42 
* * Jumbuck 
* 
41.8 2.0 51 
* * Wesbrook 
* 
41. 8 0.2 32 
* * Marnoo 
* 
41.2 1.6 53 
* * Scone 
Jumbuck 
* 
41.1 1.5 55 
* * Bunyip 
* 
40.8 0.9 54 
* * Marnoo 
* 
43.5 1.1 57 
* * Wesbrook 
* 
43.7 0.2 - 29 
* * Streatham 
Wesbrook 18/7/84 42.9 0.7 41 
* 
37.l 
Wesroona 18/7/84 43.6 0.8 31 570 39.0 
Marnoo 18/7/84 47.7 1.1 50 710 35.8 
Jumbuck 18/7/84 43.5 3.5 74 540 36.5 
Bunyip 18/7/84 44.6 1.2 66 540 36.1 
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Temora 
Wesbrook 3/5/84 45.4 0.7 37 1970 33.7 
Marnoo 3/5/84 47.4 1.3 56 2240 31.7 
Wesroona 3/5/84 44.7 0.9 45 1970 31.4 
Jumbuck 3/5/84 46.6 1.8 78 1820 
* Bunyip 3/5/84 46.1 0.6 69 1820 
* Trangie 
Marnoo 10/5/84 46.0 1.2 68 2050 
* Wesbrook 10/5/84 44.0 0.2 48 1720 
* Wesroona 10/5/84 43.5 0.8 56 1530 
* Jumbuck 10/5/84 45.3 2.2 75 1640 
* Bunyip 10/5/84 45.4 0.9 72 1510 
* f'/agga f'lagga 
Wesbrook 7/5/84 40.4 0.3 38 2430 36.8 
Marnoo 7/5/84 41.3 1.5 63 2960 35.9 
Wesroona 7/5/84 37.8 0.9 53 2320 38.1 
Jumbuck 7/5/84 41.4 2.2 69 1900 
* Bunyip 7/5/84 44.2 0.9 65 1980 
* Wesbrook 15/5/84 43.1 0.5 31 2090 34.3 
Marnoo 15/5/84 42.7 1.5 50 1920 32.7 
Wesroona 15/5/84 42.4 1.4 43 1990 33.0 
Wesbrook 15/5/84 46.1 0.1 26 2440 
* Wesroona 15/5/84 44.8 0.5 25 2219 
* Marnoo 15/5/84 45.4 1.1 42 2263 
* Jumbuck 15/5/84 44.8 2.5 67 1762 
* Bunyip 15/5/84 43.4 0.9 64 2022 
* Wesbrook 9/5/84 42.5 0.3 29 2403 39.5 
Wesroona 9/5/84 41. 6 0.5 30 2098 39.9 
Marnoo 9/5/84 42.0 1.2 43 2769 39.0 
Jumbuck 9/5/84 41. 5 1.7 63 2237 39.0 
Bunyip 9/5/84 41.6 0.7 67 2438 38.7 
Wongan Hills 
Wesbrook 15/6/84 37.5 0.4 32 650 42.2 
Wesroona 15/6/84 36.3 1.1 35 510 42.4 
Marnoo . 15/6/84 37.9 1.6 49 550 41.4 
Jumbuck 15/6/84 37.3 2.1 72 500 39.4 
Bunyip 15/6/84 37.3 1.3 68 460 39.7 
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Appendix I (cont.) 
1985 Rapeseed Variety Trials 
COMMENTS: The wrong variety was sown at several sites instead of 
Marnoo. Several results are therefore missing. 
Cultivar Sowing Oil content Erucic acid Glucosinolate Yield Protein 
date (%) (%) content (pmol) (kg/h) (%) 
I· Canberra 
Wesroona 
* 
42.0 0.4 33 * 36.7 
Jumbuck 
* 
45.1 2.2 65 * 38.1 
Bunyip 
* 
44.5 1.1 - 65 
* 
36.9 
Wesbrook 
* 
41. 7 0.2 26 
* 
38.0 
Condobolin 
Jumbuck 30/4/85 45.3 2.4 63 1530 
* Marnoo 30/4/85 44.9 1.4 47 2510 
* Bunyip 30/4/85 43.6 0.9 62 1670 
* Wesbrook 30/4/85 46.0 0.2 33 2270 
* Cowra 
Wesroona 1/5/85 48.6 0.9 27 2480 37.7 
Jumbuck 1/5/85 46.7 2.0 58 1977 35.4 
Bunyip 1/5/85 45.1 1.0 61 2135 32.5 
Wesbrook 1/5/85 48.4 0.3 39 2580 34.3 
Cudal 
Jumbuck 3/5/85 45.8 2.2 57 1760 
* Marnoo 3/5/85 47.1 1.7 44 1680 
* Bunyip 3/5/85 45.5 1.1 62 1730 
* Wesbrook 3/5/85 47.5 0.3 22 2090 
* Oeniliquin 
Jumbuck 14/5/85 44.2 2.3 70 2290 
* Marnoo 14/5/85 46.5 2.0 41 2650 
* Bunyip 14/5/85 45.2 0.6 73 2400 
* Wesbrook 14/5/85 47.1 0.3 32 2510 
* Forbes 
Jumbuck 11/5/85 43.1 1.8 67 1940 
* Marnoo 11/5/85 44-.8 1.5 54 3220 
* Bunyip 11/5/85 44.3 1.2 71 1880 
* Wesbrook 11/5/85 46.5 0.3 35 2880 
* Garah 
Jumbuck 6/5/85 48.6 2.3 56 
* * Marnoo 6/5/85 46.6 1.7 47 
* * Bunyip 6/5/85 47.2 1.0 57 
* * Wesbrook 6/5/85 47.7 0.2 28 
* * Gerogery 
Jumbuck 13/6/85 46.9 2.6 67 
* * Marnoo 13/6/85 47.0 1.2 -44 
* * Bunyip 13/6/85 45.7 1.1 68 
* * Wesbrook 13/6/85 46.8 0.2 29 
* * Gilgandra 
Jumbuck 
* 
41.5 2.6 67 590 
* Marnoo 
* 
42.5 2.6 66 1650 
* Bunyip 
* 
41.7 0.8 63 720 
* Wesbrook 
* 
41.4 0.1 31 1340 
* 
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Gulargambone 
Jumbuck 1/5/85 37.1 3.1 78 * * Marnoo 1/5/85 39.4 2.9 62 
* * Bunyip 1/5/85 35.9 1.1 75 
* * Wesbrook 1/5/85 39.9 0.2 28 
* * Horsham 
Wesroona 15/6/85 43.7 0.6 31 1764 40.0 
Jumbuck 15/6/85 43.1 2.5 59 1509 37.2 
I• Bunyip 15/6/85 42.6 0.9 65 1492 38.7 
Wesbrook 15/6/85 44.1 0.1 32 2184 41.7 
Inverell 
Jumbuck 2/5/85 42.9 2.8 - 54 1100 
* Marnoo 2/5/85 50.6 2.4 50 2410 
* 13unyip 2/5/85 39.2 1.4 65 910 
* Wesbrook 2/5/85 47.8 0.3 41 2310 
* Junee Reefs 
Jumbuck 22/5/85 47.5 2.4 59 1786 
* Marnoo 22/5/85 48.1 1.6 37 2409 
* Bunyip 22/5/85 47.2 1.2 57 1845 
* Wesbrook 22/5/85 47.8 0.1 29 2344 
* Moree 
Jumbuck 6/5/85 46.4 2.2 56 1880 
* Marnoo 6/5/85 48.0 1.6 49 2060 
* Bunyip 6/5/85 46.2 1.5 63 1990 
* Wesbrook 6/5/85 45.9 0.4 31 1930 
* Mundulla 
Wesroona 5/6/85 40.4 0.6 21 1238 38.9 
Jumbuck 5/6/85 42.5 1.7 46 978 39.6 
Bunyip 5/6/85 40.1 0.7 46 1182 37.5 
Wesbrook 5/6/85 41. 7 0.1 21 1308 39.8 
Wesroona 27/6/85 35.7 0.6 13 988 41.1 
Jumbuck 27/6/85 39.0 1.7 35 1058 40.7 
Bunyip 27/6/85 36.0 0.8 33 1002 39.0 
Wesbrook 27/6/85 37.1 0.1 16 1080 42.5 
Narrabri 
Jumbuck 13/5/85 37.7 2.3 55 1218 
* Marnoo 13/5/85 43.5 2.3 49 2224 * Bunyip 13/5/85 39.0 1.1 62 1374 
* Wesbrook 13/5/85 42.7 0.2 26 1859 
* 
Jumbuck 26/7/85 36.7 2.5 47 703 
* Marnoo 26/7/85 36.8 1.4 42 1452 
* Bunyip 26/7/85 35.1 0.8 44 480 
* Wesbrook 26/7/85 37.4 0.6 33 1610 
* Streatham 
Wesroona 5/7/85 42.9 0.4 -31 1265 31.8 
Jumbuck 5/7/85 46.9 2.3 57 1106 36.3 
Bunyip 5/7/85 44.2 1.0 67 534 32.8 
Wesbrook 5/7/85 46.7 0.1 26 1424 34.5 
Tamworth 
Jumbuck 15/5/85 49.2 2.3 66 1965 
* Marnoo 15/5/85 50.3 2.2 44 2115 
* Bunyip 15/5/85 50.2 0.9 60 1998 * Wesbrook 15/5/85 50.7 0.1 27 2031 
* 
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Tasmania 
Wesroona * 35.8 0.4 44 3472 38.7 Jumbuck 
* 
44.6 2.4 77 2921 41.5 
Bunyip 
* 
42.9 0.7 68 3362 38.l 
Wesbrook 
* 
41.2 0.6 35 3749 40.4 
Toowoomba 
Wesroona 1/6/85 39.7 1.1 30 1836 32.6 
Jumbuck 1/6/85 39.2 6.0 42 966 32.3 
/, Bunyip 1/6/85 40.9 3.3 42 1136 31.1 
Wesbrook 1/6/85 41.4 1.1 29 2834 35.2 
Trangie 
Jumbuck 15/5/85 37.0 2.5 59 
* * Marnoo 15/5/85 42.4 1.4 62 
* * Bunyip 15/5/85 37.9 0.8 62 
* * Wesbrook 15/5/85 38.8 0.6 32 
* * Turretfield 
Wesroona 13/5/85 40.0 0.8 30 998 40.7 
Jumbuck 13/5/85 37.9 2.8 44 393 35.9 
Bunyip 13/5/85 39.7 1.2 47 461 37.9 
Wesbrook 13/5/85 43.1 0.2 32 1366 42.4 
h'agga h'agga 
Jumbuck 22/4/85 42.9 2.2 61 1086 * Marnoo 22/4/85 47.2 1.8 39 2680 * Bunyip 22/4/85 44.7 1.5 63 1243 * Wesbrook 22/4/85 46.5 0.4 30 2211 
* Wesroona 1/5/85 42.2 0.4 27 1485 37.6 
Jumbuck 1/5/85 43.8 2.3 53 1352 36.9 
Bunyip 1/5/85 44.2 1.5 64 1586 39.6 
Wesbrook 1/5/85 46.8 0.3 35 1860 42.6 
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APPENDIX II(a): Cultivar x seasonal effects on the oil concentration(%) of 
5 cultivars of rapeseed grown over 4 years at Wagga 
(standard error shown in brackets). 
1981 
1982 
1984 
1985 
Wesbrook 
19.10(2.39) 
36.87(1.38) 
43.02(1.20) 
46.65(1.69) 
Narnoo 
22.50(1.69) 
37.00(1.69) 
42.85(1.20) 
47.20(2.39) 
Wesroona 
18.90(1.69) 
35.47(1.20) 
41.65(1.20) 
42.20(2.39) 
JlllJJbuck 
31.80(2.39) 
34.60(2.39) 
42.57(1.38) 
43.35(1.69) 
Bunyip 
36.10(2.39) 
33.85(1.69) 
43.07(1.38) 
44.45(1.69) 
Mean 
25.7 
35.6 
42.7 
44.8 
APPENDIX II(b): Erucic acid levels(%) of 5 cultivars of rapeseed grown at 
Wagga over 5 years (standard error shown in brackets). 
Wesbrook 
Marnoo 
Wesroo11a 
JU11Jbuck 
Bunyip 
0.3700 (0.0941) 
1.3444 (0.0992) 
0.8455 (0.0897) 
2.1667 (0.0992) 
0.9600 (0.0941) 
APPENDIX II(c): Glucosinolate levels of 5 cultivars of rapeseed grown at 
Wagga over 5 years (pmol/g, standard error shown in brackets). 
Wesbrook Narnoo Wesroona Jumbuck Bunyip 
1981 18.12(3.80) 29.93(3.61) 22.92(3.54) 50.52(3.94) 50.66(3.85) 
1982 39.22(3.09) 51.03(3.32) 44.03(2.90) 71.62(3.57) 71.76(3.31 ) 
1983 33.78(5.03) 45.59(5.11) 38.59(5.01) 66.18(4.28) 66.32(4.28) 
1984 33.71(2.85) 45.52(2.92) 38.51(2.81) 66.11(3.11 ) 66.24(3.00) 
1985 28.19(3.49) 40.00(3.78) 32.99(3.67) 60.59(3.55) 60.73(3.48) 
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APPENDIX II(d): Glucosinolate levels of 5 cultivars of rapeseed grown over 
3 years at 5 sites (pmol/g, standard error shown in brackets). 
h'agga Gilgandra Mundulla Streatham Canberra 
1983 
Wesbrook 31.71(6.63) 31.06(4.98) 24.12(4.84) 25.48(4.96) 29.34(4.96) 
Marnoo 50.64(7.09) 60.37(5.19) 41.31(5.32) 43.21(5.32) 54.11(5.32) 
Wesroona 40.81(6.86) 46.46(5.31) 31.61(4.90) 29.36(4.99) 36.56(4.99) 
Jumbuck 67.80(3.95) 69.82(4.86) 58.58(4.69) 64.91(4.84) 69.10(4.84) 
Bunyip 64.70(3.95) 63.28(4.86) 50.38(4.69) 54.04(4.84) 61.89(4.84) 
1984 
Wesbrook 32.78(2.93) 27.43(4.82) 40.08(4.62) 36.65(4.82) 29.71(4.82) 
Marnoo 48.12(3.08) 53.15(4.91) 53.69(5.32) 50.79(5.32) 50.89(5.32) 
Wesroona 36.58(3.01) 37.54(5.31) 42.28(4.69) 35.23(4.85) 31.63(4.85) 
Jumbuck 66.17(3.20) 63.49(4.79) 71.85(4.60) 73.38(4.78) 66.77(4.78) 
Bunyip 66.52(3.20) 60.39(4.79) 67.09(4.60) 65.95(4.78) 63.01(4.78) 
1985 
Wesbrook 28.93(3.75) 34.51(4.93) 15.40(3.83) 30.87(4.88) 30.95(4.88) 
Marnoo 44.52(5.43) 60.48(5.43) 29.26(8.21) 45.26(8.52) 52.38(8.52) 
Wesroona 31.68(4.74) 43.56(7.37) 16.55(3.89) 28.40(4.97) 31.82(4.97) 
Jumbuck 56.44(3.66) 64.69(4.92) 41.29(3.82) 61.72(4.86) 62.13(4.86) 
Bunyip 62.52(3.66) 67.32(4.92) 42.26(3.82) 60.02(4.86) 64.10(4.86) 
APPENDIX II(e): Erucic acid levels(%) of 5 cultivars of rapeseed grown at 
4 sites over 2 years (standard error shown in brackets). 
Wesbrook 
Marnoo 
Wesroona 
Jumbuck 
Bunyip 
Wesbrook 
Marnoo 
Wesroona 
Jumbuck 
Bunyip 
Gilgandra 
0.200(0.244) 
1.300(0.244) 
0.700(0.244) 
2.100(0.244) 
0.900(0.244) 
0.100(0.244) 
1.200(0.244) 
0.800(0.244) 
2.600(0.244) 
0.800(0.244) 
Nundulla Streath81J1 
1983 
0.500(0.244) 0.400(0.244) 
0.900(0.244) 0.800(0.244) 
0.900(0.244) 0.700(0.244) 
4.200(0.244) 2.200(0.244) 
1.500(0.244) 1.600(0.244) 
1984 
0.300(0.244) 0.700(0.244) 
1.400(0.244) 1.100(0.244) 
1.000(0.244) 0.800(0.244) 
1.900(0.244) 3.500(0.244) 
1.300(0.244) 1.200(0.244) 
Canberra 
0.600(0.244) 
1.200(0.244) 
1.200(0.244) 
2.900(0.244) 
1.000(0.244) 
0.500(0.244) 
1.400(0.244) 
1.300(0.244) 
2.600(0.244) 
1.100(0.244) 
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APPENDIX II(f): Oil concentration(%) of 5 cultivars of rapeseed grown at 5 
sites over 3 years (prediction followed by standard error). 
Wagga Gilgandra .Mundulla StreathBJB Canberra 
1983 
Wesbrook 42.904-1.819 44.096-1.366 47.970-1.328 45.431-1.360 42.802-1.360 
Marnoo 40.692-1.946 42.837-1.425 48.364-1.461 46.324-1.461 43.174- 1.461 
Wesroona 39.269-1.884 40.423-1.458 46.681-1.345 43.329-1.369 41.367-1.369 
Jumbuck 39. 854-1. 084 42.847-1.334 46.810-1.289 43.982-1.329 43.953-1.329 
Bunyip 42. 146-1. 084 44.497-1.334 46.675-1.289 44.333-1.329 44.004-1.329 
1984 
Wesbrook 43.402-0.805 47.694-1.324 42.248-1.269 44.089-1.322 42.460-1.322 
Marnoo 42.984-0.845 48.229-1.349 44.436-1.461 46.776-1.461 44.626-1.461 
Wesroona 41.722-0.825 45.977-1.458 42.914-1.289 43.942-1.332 42.980-1.332 
Jumbuck 42.003-0.879 48.096-1.314 42.739-1.264 44.292-1.312 45.263-1.312 
Bunyip 42.853-0.879 48.305-1.314 41.163-1.264 43.201-1.312 43.871-1.312 
1985 
Wesbrook 45.896-1.030 41.311-1.353 39.841-1.050 46.179-1.338 42.937-1.338 
Marnoo 46.666-1.492 43.034-1.492 43.216-2.255 50.054-2.338 46.291-2.338 
Wesroona 41.912-1.301 37.290-2.024 38.203-1.069 43.729-1.364 41.154-1.364 
Jumbuck 44.241-1.004 41.457-1.350 40.075-1.047 46.126-1. 334 45.484-1.334 
Bunyip 44.724-1.004 41.298-1.350 38.131-1.047 44.667-1.334 43.725-1.334 
APPENDIX II(g): Protein concentration(%) in the meal of 5 cultivars of 
rapeseed grown at 3 sites over 2 years (prediction followed 
by standard error) . 
Wesbrook 
Marnoo 
Wesroona 
Jumbuck 
Bunyip 
Wesbrook 
Marnoo 
Wesroona 
Jumbuck 
Bunyip 
.Mundulla 
34.46-1.57 
33.73-1.70 
34. 48-1. 57 
32.62-1.57 
32.92-1.57 
36.55-1.50 
35.97-1.70 
37 .16-1. 50 
35.86-1.51 
34.96-1.51 
StreathBll1 
1983 
35.88-1.59 
34.17-1.70 
36.01-1.59 
34.85-1.59 
34.69-1.59 
1984 
37.28-1.55 
35. 73-1. 70 -
38.01-1.55 
37.42-1.55 
36.06-1.55 
Canberra 
40 .16-1. 59 
37.80-1 .70 
39.22-1.59 
37.03-1.59 
38.00-1.59 
38.00-1.55 
35.80-1.70 
37.66-1.55 
36.04-1.55 
35.81-1.55 
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Appendix Illa. Analysis of four cultivars of rapeseed grown under 
two temperature regimes (18/10,27/15°C). 
Experiment 1: Sown February 12. 1986. 
Glucosinolates Yield 1000 frain wt. Oil Protein (pmoles/g) (g) g) (%,w/w) (%) 
Wesbrook cold 
37 17.15 4.75 38.4 32.7 
38 13.66 5.49 36.9 36.5 
40 16.44 4.51 34.8 32.5 
17 17.48 4.17 39.1 35.0 
Mean 33 16.2 4.70 37.3 34.2 
Wesbrook hot 
71 5.22 3.43 26.3 38.8 
79 5.64 3.60 28.8 36.8 
40 6.41 3.79 30.1 40.0 
43 5.16 3.61 28.9 35.8 
Mean 58 5.6 3.60 28.5 37.9 
Maluka cold 
18 20.95 3.86 37.5 32.3 
13 16.55 3.19 39.5 31.3 
17 20.12 5.42 35.9 34.6 
44 19.24 5.02 38.7 32.6 
Mean 23 19.2 4.40 37.9 32.7 
Maluka hot 
21 6.39 3.75 26.3 38.8 
22 3.19 3.93 21. 4 37.0 
22 4.84 3.30 27.6 40.0 
133 * 6.27 5.29 25.9 38.4 
Mean 22 5.2 4.1 25.3 38.6 
Marnoo cold 
48 16.92 4.78 41.1 33.7 
22 20.42 4.35 40.2 33.0 
69 15.86 3.98 38.9 33.0 
62 20.45 4.79 41.5 34.8 
Mean 50 18.4 4.5 40.4 33.6 
Marnoo hot 
27 3.57 3.85 27.5 39.6 
87 2.54 3.53 26.9 39.4 
66 3.48 3.56 28.3 38.4 
101 * 9.97* 4.07* 33.4* 38.4 
Mean 60 3.2 3.6 27.6 39.0 
Bunyip cold 
98 3.37 3.25 30 . 6 32.9 
72 8.37 3.32 36.9 34.6 
105 9.76 4.18 39.1 30.8 
92 11.78 3.35 39.6 34.8 
Mean 92 8.3 3.5 36.6 33.3 
Bunyip hot 
87 1.12 2.16 22.1 34 0 
120 3.12 2.36 26.3 37.5 
70 4.81 2.61 27.5 36.4 
95 1.63 2.38 23.4 36.4 
Mean 93 2.7 2.4 24.8 36.1 
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Appendix IIIb. Analysis of two cultivars of rapeseed grown under 
two temperature regimes (16/8, 21/13°C). 
Experiment 2: Sown February 24, 1987 
Glucosinolates Yield 1000 frain wt. Oil Protein (Jlllloles/g) (g) g) (%) (%) 
Wesbrook cold 
44 20.45 4.8 32.9 36.0 
47 24.85 4.3 32.9 35.2 
28 24.02 5.4 36.0 37.6 
30 36.95 4.2 38.9 34.8 
Mean 37 26.57 4.7 35.2 35.9 
Wesbrook hot 
26 27.46 3.7 37.08 33.2 
55 24.17 4.6 38.44 34.5 
30 27.40 4.2 33.46 31.1 
16 14.77 3.1 32.89 33.2 
Mean 32 23.45 3.9 35.47 33.0 
Marnoo cold 
21 44.63 4.5 42.9 34.7 
58 36.86 4.5 40.0 35.5 
126 * 38.45 4.6 38.7 34.4 
136 * 41.14 5.1 39.6 34.5 
Mean 85 40.27 4.7 40.3 34.8 
Marnoo hot 
46 23.04 3.8 41.62 34.2 
33 27.89 3.4 41.78 34.7 
39 30.48 3.3 42.25 33.4 
19 28.12 3.8 41.90 34.6 
Mean 34 27.38 3.6 41. 89 34.2 
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Appendix Ille. Fatty acid concentration in the oil of four cultivars of 
rapeseed grown under two temperature regimes (18/10,27/15°C). 
Experiment 1: Sown February 12, 1986. 
Fatty Acid Composition 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
h'esbrook cold 
4.6 1.5 56.9 21.7 12.9 0.6 1.3 0.4 0.0 
4.7 1.2 57.5 20.2 13.9 0.6 1.4 0.3 0.0 
4.6 1.8 57.9 20.2 12.9 0.7 1.2 0.4 0.0 
4.5 1.5 58.2 21.0 12.6 0.5 1.1 0.3 0.0 
mean 4.6 1.5 57.6 20.8 13.1 0.6 1.3 0.4 0 
h'esbrook hot 
5.0 1.5 64.3 19.1 7.9 0.6 1.1 0.2 0.0 
5.0 1.8 70.6 15.0 5.2 0.7 1.2 0.2 0.0 
4.6 1.5 69.9 15.3 6.4 0.5 1.1 0.3 0.0 
4.8 1.7 71. 2 14.8 5.4 0.6 1.1 0.2 0.0 
mean 4.9 1.6 69.0 16.1 6.2 0.6 1.1 0.2 0 
Maluka cold 
4.4 1.2 61.6 19.8 10.5 0.6 1.2 0.3 0.0 
4.5 1.1 58.5 22.5 10.9 0.7 1.3 0.3 0.0 
4.8 1.3 59.5 20.5 11.5 0.5 1.1 0.4 0.2 
4.8 1.3 59.3 20.6 11.7 0.6 1.1 0.4 0.0 
mean 4.6 1.2 59.7 20.9 11.2 0.6 1.2 0.4 0 
Maluka hot 
4.8 1.5 67.7 16.8 6.5 0.7 1.2 0.4 0.1 
4.6 1.3 67.7 17.1 6.6 0.6 1.3 0.4 0.1 
4.2 1.6 70.8 15.1 5.6 0.7 1.2 0.3 0.1 
4.9 2.0 71. 4 14.7 4.6 0.7 1.2 0.3 0.1 
mean 4.6 1.6 69.4 15.9 5.8 0.7 1.2 0.4 0.1 
Marnoo cold 
4.3 1.4 63.1 17.7 11.1 0.6 1.1 0.4 0.0 
4.4 1.4 62.4 18.3 11.1 0.6 1.1 0.3 0.0 
4.1 1.7 62.4 19.2 11.2 0.0 0.8 0.2 0.0 
4.0 1.4 61.1 20.0 11.3 0.5 1.1 0.3 o.o 
mean 4.2 1.5 62.3 18.8 11.2 0.6 1.0 0.3 0 
Marnoo hot 
4.5 2.0 70.0 15.7 4.8 0.6 1.2 0.4 0.3 
4.5 1.6 71.1 15.1 5.0 0.6 1.2 0.2 0.1 
4.6 1.7 70.7 14.6 5.4 0.8 1.6 0.2 0.0 
4.3 1.7 69.8 16.5 5.5 0.5 1.0 0.2 0.1 
mean 4.5 1.7 70.4 15.5 5.2 0.6 1.3 0.2 0.2 
Bunyip cold 
4.1 1.4 60.9 19.9 11.3 0.6 1.1 0.3 0.1 
3.4 1.0 57.8 21.2 14.9 0.-2 1.0 0.3 0.0 
3.2 1.2 58.1 21.1 14.2 0.5 1.1 0.2 0.2 
3.6 1.0 59.4 20.2 13.1 0.5 1.2 0.6 0.1 
mean 3.6 1.2 59.1 20.6 13.4 0.5 1.1 0.3 0.1 
Bunyip hot 
4.0 1.4 66.9 18.2 7.2 0.6 1.1 0.3 0.1 
4.2 1.1 64.5 19.8 7.9 0.6 1.3 0.3 0.1 
4.5 1.1 57.9 24.4 9.5 0.6 1.2 0.4 0.0 
4.3 0.7 64.4 20.9 7.3 0.6 1.1 0.3 0.1 
mean 4.3 1.1 63.4 20.8 8.0 0.6 1.2 0.3 0.1 
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Appendix IIId. Fatty acid concentration in the oil of two cultivars of 
rapeseed grown under two temperature regimes (16/8,21/13°C) 
Experiment 2: Sown February 24, 1987. 
Fatty Acid Composition 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
Wesbrook cold 
4.60 0.31 60.8 20.7 10.6 0.78 1.30 0.31 0.11 
4.67 0.48 61.3 19.0 11.5 0.77 1.39 0.32 0.12 
4.49 0.25 60.0 21.1 11.2 0.66 1.33 0.30 0.12 
4.55 0.18 60.6 20.0 11.6 0.70 1.31 0.35 0.11 
Mean 4.60 0.3 60.7 20.2 11.2 0.73 1.33 0.3 0.10 
Wesbrook hot 
4.63 0.77 63.7 18.6 9.7 0.56 1.07 0.21 0.05 
4.35 0.63 59.8 21.3 11.0 0.58 1.26 0.26 0.06 
4.33 0.64 59.7 19.7 12.7 0.59 1.28 0.24 0.06 
4.53 0.77 64.2 19.8 7.9 0.64 1.17 0.26 0.05 
Mean 4.5 0.7 61.9 19.9 10.3 0.6 1.2 0.2 0.10 
Marnoo cold 
4.18 0.32 61.0 20.8 11.6 0.46 0.82 0.19 0.13 
4.23 0.19 61.6 19.8 11.6 0.63 1.15 0.31 0.08 
4.06 0.30 66.3 17.4 9.2 0.64 1.11 0.31 0.12 
4.16 0.40 57.6 19.6 10.0 0.63 4.09 0.25 2.65 
Mean 4.2 0.3 61.6 19.4 10.6 0.6 1.8 0.3 0.75 
Marnoo hot 
4.04 0.79 64.8 18.2 9.8 0.50 0.87 0.19 0.06 
3.96 0.68 64.2 18.6 9.5 0.62 1.14 0.30 0.06 
3.77 0.81 65.2 18.7 9.0 0.55 0.95 0.22 0.06 
3.98 0.84 62.2 20.6 10.1 0.50 0.88 0.18 0.06 
Mean 3.9 0.8 64.1 19.0 9.6 0.5 1.0 0.22 0.1 
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Appendix IVa: Nutrient solution used for sulphur glasshouse experiment 
(P. Randall & P. Hocking, CSIRO, Canberra, unpublished). 
A. BASE SOLUTION 
Chemical Molarity 
NH4NQ3 l.OM 
Ca(N03)2 l.OM 
KCl l.OM 
Nali2P04 l.OM 
Ferric Citrate/EDTA O.lM 
Micronutrients (see below) 
B. Micronutrients: H3B03 
MnCl2 .4H20 
ZnCl2 
CuCl2. 2H20 
H2MoQ4 
Co(NQ3 )2 
KI 
C. SULPHUR ADDITION 
Treatment l.OM MgS04 (mL/1) 
0 ppm S 0.000 
2 ppm S 0.063 
4 ppm S 0.125 
8 ppm S 0.25 
12 ppm S 0.38 
15 ppm S 0.47 
25 ppm S 0.78 
100 ppm S 3.13 
200 ppm S 6.25 
Concentration (mL/1) 
g/1 
1.040 
0.900 
0.095 
0.066 
0.035 
0.050 
0.030 
2.0 
4.0 
5.0 
0.75 
1.0 
1.0 
l.OM MgCl2 (mL/1) 
1.000 
0.937 
0.875 
0.75 
0.62 
0.53 
0.22 
0 
0 
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APPENDIX IVb. Chemical Analysis of two cultivars of rapeseed grown under 
four levels of sulphur nutrition in the glasshouse. 
Experiment 1: Sown January 14, 1986 
Sulphur Glucosinolates Yield lOOOgwt Oil Protein 
(ppm) (µmoles/g) (g/pot) (g) (%) (%) 
Nesbrook 
4 3 0.72 2.19 34.1 35.2 
4 4 1.29 1.59 30.3 37.8 
4 4 0.47 2.41 22.7 38.1 
Mean 4 4 0.83 2.06 29.0 37.0 
8 12 3.36 2.09 30.7 37.5 
8 5 5.663 2.044 27.8 39.4 
8 5 5.933 2.386 31.2 38.2 
8 8 1.263 2.616 23.4 38.2 
Mean 8 4.05 2.28 28.3 38.3 
12 27 4.506 3.199 33.0 37.3 
12 28 6.167 2.916 28.8 37.6 
12 10 4.692 2.716 32.6 39.0 
12 11 4.249 2.995 31.1 38.6 
Mean 19 4.9 2.96 31.4 38.2 
Bunyip 
2 
* * * * * 2 4 0.010 
* * * 2 10 0.043 
* * 2 7 0.038 
* * * - - -Mean 2 7 0.03 
* * * 
4 3 0.221 
* 
27.0 
* 4 3 0.337 
* 
20.9 
* 4 7 1.378 
* 
25.2 
* 4 9 0.208 
* 
24.3 
* - -Mean 4 6 0.54 
* 
24.4 
* 
8 6 1.655 
* 
18.2 
* 8 11 1.978 
* 
19.6 
* 8 8 1.274 
* 
22.9 
* 8 7 1.553 
* 
22.3 
* - -Mean 8 8 1.62 
* 
20.8 
* 
12 30 2.509 
-* 21.6 * 12 9 0.295 
* 
19.8 
* 12 30 2.335 
* 
24.7 
* 12 6 2.252 
* 
26.0 
* - -Mean 12 19 1.85 
* 
23.0 * 
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Appendix IVc. Fatty acid concentration in the oil of two cultivars of 
rapeseed grown under four levels of sulphur nutrition in 
the glasshouse. 
Experiment 1: Sown January 14, 1986. 
Sulphur Fatty acids 
(ppm) 16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
IYesbrook 
4 6.3 0.8 52.7 24.5 13.5 0.6 1.0 0.3 0.1 
4 5.5 3.0 57.5 20.4 7.3 1.3 1.5 1.2 0.8 
4 5.6 2.2 47.4 28.8 13.1 0.9 1.3 0.8 1.0 
Mean 4 5.8 2.0 52.5 24.6 11.3 1.3 1.0 
8 5.4 1.7 52.3 23.0 15.0 0.9 1.5 1.0 0.7 
8 5.3 3.0 54.8 24.9 9.4 0.9 1.1 0.3 0.2 
8 5.2 2.5 58.0 21.3 8.9 1.1 2.2 0.6 0.6 
8 5.5 2.5 50.7 23.9 11.7 1.1 1.6 1.5 1.0 
Mean 8 5.4 2.4 54.0 23.3 11.3 1.6 0.6 
12 4.9 2.4 55.8 21.2 12.6 0.9 1.3 0.5 0.1 
12 4.9 2.0 58.4 19.8 12.3 0.9 1.4 0.6 0.4 
12 4.5 2.6 61.7 17.8 10.7 1.0 1.7 1.2 0.8 
12 4.9 2.3 58.6 19.6 11.2 0.9 1.5 1.6 1.2 
MeanX 12 4.8 2.3 58.6 19.6 11.7 1.4 0.6 
Bun.vip 
2 6.3 1.8 42.6 33.2 12.9 0.8 1.0 0.6 0.5 
2 5.9 1.6 42.8 32.1 13.0 0.7 1.7 0.7 1.1 
2 5.2 1.6 45.8 29.6 14.4 0.7 1.4 0.6 0.4 
Mean 2 5.8 1.7 43.7 31. 6 13.4 1.4 0.7 
4 6.1 2.2 49.7 20.7 11.2 0.9 2.1 1.7 0.9 
4 6.9 1.7 40.4 32.4 13.6 1.0 1.5 1.0 0.8 
4 5.2 1.6 46.9 29.1 13.4 0.8 1.5 0.7 0.6 
4 5.4 1.7 49.6 28.5 12.5 0.7 1.1 0.5 0.2 
Mean 4 5.9 1.8 46.7 27.7 12.7 1.6 0.6 
8 6.3 2.0 46.3 30.3 12.0 0.9 1.3 0.5 1.0 
8 5.0 2.0 53.5 24.9 11.1 0.8 1.3 0.7 0.5 
8 5.8 1.6 39.5 34.0 15.3 0.8 1.2 0.7 0.2 
8 5.4 1.8 46.3 29.6 13.9 0.7 1.2 0.5 0.2 
Mean 8 5.6 1.9 46.4 29.7 13.1 1.3 0.5 
12 6.3 2.2 43.1 31.1 12.8 1.1 1.7 1.0 1.6 
12 6.0 1.7 44.5 31. 4 12.4 0.9 1.1 1.0 0.6 
12 4.7 1.9 47.4 25.3 10.2 0.8 3.8 0.5 4.9 
12 5.0 1.7 49.5 28.2 12.4 0.7 1.2 0.5 0.2 
Mean 12 5.5 1.9 46.1 29.0 12.0 2.0 1.8 
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Appendix IVd. Analysis of two cultivars of rapeseed grown under six levels 
of sulphur nutrition in the glasshouse. 
Experiment 2: Sown August 13, 1986 
Sulphur Glucosinolates Yield lOOOgwt Oil Protein 
(ppm) (flIIloles/g) (g/pot) (g) (%) (%) 
Wesbrook 
4 1.3 0.772 2.67 24.6 34.8 
4 0.8 3.36 1.77 24.1 31. 9 
4 2.0 0.92 1.78 24.2 31.1 
4 0.0 2.90 2.05 21.0 29.2 
Mean 4 1.0 1.99 2.07 23.5 31.8 
8 5 8.87 3.34 29.8 34.3 
8 4 11.79 2.72 29.8 34.4 
8 1.2 9.01 3.02 28.8 29.8 
8 1.0 7.35 2.68 24.8 35.3 
Mean 8 3 9.26 2.94 28.3 33.7 
15 14 33.26 3.82 34.6 38.9 
15 17 22.80 3.12 37.1 39.0 
15 10 17.54 3.10 33.1 38.0 
15 14 29.72 3.00 34.5 37.9 
Mean 15 14 25.83 3.28 34.8 38.8 
25 21 24.90 3.19 34.0 39.0 
25 13 29.77 3.46 37.2 41. 6 
25 21 30.65 3.34 34.8 39.4 
25 18 28.98 3.85 35.2 39.5 
Mean 25 18 28.58 3.46 35.3 39.9 
100 34 35.11 3.49 36.7 39.0 
100 29 21.93 3.05 32.4 39.9 
100 41 29.65 3.73 37.7 42.1 
100 25 34.48 3.30 38.7 42.8 
Mean 100 32 30.29 3.39 36.4 41.2 
200 23 26.20 3.51 35.0 39.0 
200 15 31.89 4.08 36.3 39.7 
200 13 27.96 3.27 33.0 40.0 
200 22 35.45 3.18 34.9 39.5 
Mean 200 18 30.38 3.51 34.8 39.6 
Bunyip 
4 7 9.174 2.265 39.9 34.7 
4 6 9.252 2.331 37.0 33.2 
4 5 9.080 2.131 35.5 34.8 
4 10 8.866 1.981 39.4 34.0 
Mean 4 7 9.093 2.177 38.0 34.2 
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Appendix IVd. (cont) 
Sulphur Glucosinolates Yield lOOOgwt Oil Protein 
(ppm) (µmoles /g) (g/pot) (g) (%) (%) 
8 14 14.787 2.365 39.4 34.4 
8 6 21.587 2.041 38.5 32.4 
8 14 13.379 2.300 36.7 36.0 
8 12 10.635 2.399 38.5 35.2 
Mean 8 11.5 15.097 2.276 38.3 34.4 
15 41 24.632 2.347 38.6 35.4 
15 42 20.822 2.244 43.9 36.2 
15 44 21.389 1.863 41.0 35.0 
15 28 26.480 1.858 44.1 34.0 
Mean 15 38.8 23.331 2.078 41. 9 35.2 
25 60 27.319 2.295 42.6 38.2 
25 59 23.901 2.446 41.1 38.2 
25 91 20.444 2.037 38.8 37.6 
25 51 25.558 1.942 40.4 36.4 
Mean 25 62.3 24.305 2.180 40.7 37.6 
100 92 20.259 2.664 35.6 38.6 
100 80 28.847 2.570 41.2 38.0 
100 72 22.517 2.009 38.8 36.0 
100 71 24.147 1.977 39.5 37.0 
Mean 100 78.8 23.943 2.305 38.8 37.4 
200 64 22.636 2.251 38.5 36.8 
200 48 22.451 2.510 37.3 37.4 
200 90 18.547 1.772 36.4 37.4 
200 84 20.053 1.900 39.9 36.0 
Mean 200 71.5 20.922 2.108 38.0 36.9 
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Appendix IVe. Fatty acids in the oil of two cultivars of rapeseed grown 
under six levels of sulphur nutrition in the glasshouse. 
Experiment 2: Sown August 13, 1986 
Sulphur % of Fatty Acids and Degree of Unsaturation 
(ppm) 16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
tt'esbrook 
4 5.02 2.65 58.7 20.9 10.3 0.70 1.11 0.00 0.17 
4 6.28 1.86 55.7 22.9 10.4 0.81 1.29 0.21 0.00 
4 5.04 3.63 57.5 21.3 9.3 1.14 1.32 0.21 0.00 
4 6. 39 1.55 56.6 21.8 10.2 1.06 1.26 0.43 0.00 
Mean 4 5.68 2.42 57.1 21.7 10.1 0.93 1.25 0.28 0.17 
8 5.00 2.47 59.7 19.2 11.0 0.77 1.17 0.08 0.19 
8 5.25 2.19 60.7 19.3 9.9 0.72 1.34 0.05 0.07 
8 5.28 2.79 55.2 22.0 12.3 0.83 1.05 0.06 0.09 
8 5.94 2.16 58.0 21.3 10.1 0.78 1.14 0.05 0.08 
Mean 8 5.27 2.40 58.6 20.7 10.8 0.79 1.24 0.06 0.11 
15 4.59 1.33 52.4 25.5 13.8 0.76 1.43 0.16 0.08 
15 4.33 1.67 54.2 23.7 13.6 0.68 1.33 0.14 0.07 
15 4.78 1.89 58.4 20.8 11.3 0.82 1.45 0.06 0.08 
15 4.41 2.12 59.3 20.3 11.5 0.69 1.14 0.05 0.13 
Mean 15 4.66 1.77 56.3 21.7 12.2 0.73 2.19 0.14 0.12 
25 4.13 1.55 57.1 22.1 12.5 0.69 1.41 0.14 0.07 
25 4.11 1.49 58.6 20.0 13.3 0.61 1.42 0.06 0.08 
25 3.83 1.56 56.2 21.3 13.3 1.06 1.81 0.31 0.23 
25 4.25 1.55 57.3 20.7 14.0 0.60 1.23 0.11 
Mean 25 4.13 1.61 57.7 20.8 13.2 0.72 1.48 0.13 0.08 
100 4.04 1.85 59.6 18.7 11.9 1.06 2.02 0.21 0.22 
1.00 4.46 1.84 62.4 18.0 10.6 0.71 1.51 0.04 0.00 
100 4.02 1.79 59.4 19.6 12.5 0.79 1.58 0.10 0.00 
100 3.94 1.69 59.4 20.1 12.1 0.78 1.58 0.15 0.00 
Mean 100 4.15 1.76 60.1 19.0 11.9 0.79 1.61 0.16 0.30 
200 3.90 2.19 62.0 18.3 10.8 0.87 1.55 0.13 0.00 
200 3.98 1.83 61.1 19.6 10.6 0.76 1.63 0.11 0.09 
200 4.24 1.88 58.6 21. 6 11.1 0.72 1.41 0.11 0.04 
200 4.07 1.92 58.7 21.4 11.2 0.81 1.56 0.10 0.00 
Mean 200 4.04 1.90 59.9 20.3 11.0 0.79 1.57 0.23 0.07 
Bunyip 
4 3.35 0.42 56.3 23.7 13.8 0.65 1.36 0.17 0.00 
4 3.58 1.52 55.7 23.6 13.2 0.69 1.28 0.15 0.03 
4 3.48 1.60 57.0 22.3 13.0 0.63 1.60 0.07 0.07 
4 3.78 1.47 55.6 24.2 12.5 0.65 1.21 0.13 0.13 
Mean 4 3.54 1.25 56.2 23.5 13.1 0.66 1.36 0.13 0.08 
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Appendix IVe. (cont). 
Sulphur % of Fatty Acids and Degree of Unsaturation 
/. (ppm) 16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
Bunyip 
8 3.28 1.15 58.8 21.9 12.6 0.60 1.26 0.11 0.06 
8 3.79 1.20 55.3 23.5 13.6 0.57 1.62 0.08 0.05 
8 3.49 1.26 55.7 23.5 13.7 0.66 1.30 0.13 0.05 
8 3.47 1.16 55.0 23.5 14.5 0.61 1.28 0.13 0.13 
Mean 8 3.52 1.16 56.2 23.0 13.6 0.60 1.43 0.18 0.07 
15 3.40 1.09 56.6 23.6 12.9 0.64 1.37 0.13 0.11 
15 3.40 1.21 57.9 21.1 14.1 0.61 1.26 0.09 0.04 
15 3.42 1.12 56.7 23.2 12.9 0.68 1.53 0.13 0.04 
15 3.54 1.26 57.1 22.6 13.3 0.63 1.22 0.11 0.05 
Mean 15 3.45 1.16 57.0 22.8 13.2 0.63 1.38 0.15 0.06 
25 3.33 1.05 56.7 22.0 14.7 0.57 1.23 0.12 0.04 
25 3.39 1.02 56.5 22.2 14.5 0.64 1.32 0.16 0.06 
25 3.13 1.22 55.7 21. 7 13.0 0.69 3.96 0.24 0.08 
25 3.30 1.18 60.1 20.2 12.8 0.73 1.34 0.13 0.00 
Mean 25 3.31 1.13 57.9 21.1 13.6 0.65 1.87 0.19 0.06 
100 3.58 0.99 52.7 23.6 17.3 0.30 1.13 0.07 0.04 
100 3.11 1.06 57.2 22.3 13.7 0.66 1.42 0.14 0.13 
100 3.42 1.25 58.3 21.6 13.2 0.61 1.20 0.12 0.08 
100 3.16 1.02 59.0 20.9 13.7 0.54 1.32 0.09 0.06 
Mean 100 3.32 1.08 56.7 22.1 14.5 0.49 1.38 0.20 0.08 
200 3.39 1.11 56.2 22.2 14.5 0.68 1.35 0.31 0.00 
200 3.29 0.93 54.9 22.9 16.1 0.29 1.24 0.11 0.04 
200 3.42 1.07 56.3 23.2 13.5 0.56 1.37 0.12 0.14 
200 3.35 0.95 53.2 24.2 15.6 0.75 1.29 0.17 0.15 
Mean 200 3.40 1.02 55.7 22.7 14.7 0.55 1.41 0.27 0.11 
( 
I I 
• I 
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Appendix IVf. Sulphur levels in the buds of rapeseed cv. Wesbrook grown under 
different levels of sulphur nutrition in the glasshouse. 
Applied sulphur 
(µg/mL) 
4 
B 
15 
25 
100 
200 
Sulphur in buds 
(%) 
* 0.10 
0.23 
0.28 
0.39 
0.40 
Appendix IVg. Cation concentrations in the buds of rapeseed cv. Wesbrook 
under different levels of sulphur nutrition grown in the 
glasshouse. 
Applied sulphur Manganese Magnesium Calcium 
(µg/g) (µg/g) (%) (%) 
4 41 0.273 0.57 
8 * 0.412 0.97 100 34 0.497 0.63 
200 37 0.567 0.53 
j 
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Appendix Va. Chemical analysis of two varieties of rapeseed grown under 
three levels of water stress.(Sown 31/1/1986) 
Glucosinolates Yield lOOOgwt Oil Protein 
µmoles/g g/pot g % % 
Wesbrook control 
6 7.42 4.31 43.4 32.1 
15 6.32 4.70 39.2 38.4 
7 8.65 5.19 43.6 35.0 
10 3.05 5.73 27.5 36.3 
6 7.24 5.58 40.5 35.9 
Wesbrook late stressed 
18 0.50 4.09 34.3 38.2 
11 1.52 3.25 31.9 41.2 
22 1.07 4.70 31.3 38.5 
27 0.30 
* 
32.5 36.7 
28 0.95 2.69 30.7 46.2 
Wesbrook stressed throughout 
24 0.46 4.37 31.7 39.7 
10 0.79 4.20 27.7 34.1 
I· 19 0.43 2.40 32.6 41. 6 40 1.03 2.67 32.8 39.0 
Bunyip control 
32 3.75 3.11 30.1 32.4 
39 3.75 2.81 36.9 37.4 
34 4.28 2.93 33.5 37.6 
19 3.87 3.74 36.0 34.5 
14 4.24 2.57 37.8 36.9 
Bunyip late stressed 
39 1.89 2.20 30.3 41. 2 
28 0.74 1.92 25.0 39.9 
50 0.96 2.30 29.7 43.8 
47 0.74 3.19 32.5 38.1 
Bunyip stressed throughout 
40 0.98 2.02 33.2 
* 53 0.81 2.08 31.0 38.7 
70 0.33 2.94 33.3 36.5 
44 1.07 2.77 36.2 40.5 
65 0.76 2.55 29.9 40.6 
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Appendix Vb. Fatty acid content in the oil of two cultivars of rapeseed 
grown under three levels of water stress. 
Fatty acid composition 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:l 
Wesbrook control 
4.3 1.6 58.8 19.8 12.6 0.6 1.1 0.5 0.4 
4.0 1.6 40.9 17.6 12.9 0.6 10.6 0.4 11.0 
4.1 1.8 62.3 16.4 12.8 0.7 1.3 0.2 0.2 
5.5 2.3 58.6 17.3 13.7 0.7 1.1 0.3 0.1 
4.2 2.2 62.0 16.7 12.4 0.7 1.3 0.3 0.1 
Mean 4.5 2.0. 60.4 17.6 12.9 0.7 1.2 0.3 0.2 
Wesbrook late stress 
4.1 1.1 54.6 21.4 15.8 0.9 1.4 0.3 0.2 
4.4 0.0 56.6 19.6 16.5 0.7 1.3 0.3 0.1 
4.4 0.7 55.3 19.0 16.9 0.9 1.7 0.5 0.2 
4.4 1.8 57.7 19.3 13.9 0.7 1.3 0.3 0.2 
4.5 0.9 50.6 26.5 15.2 0.6 1.1 0.3 0.1 
Mean 4.4 0.9 55.0 21.2 15.7 0.7 1.4 0.3 0.2 
Wesbrook stressed throughout 
4.3 1.8 51.1 25.1 14.1 1.0 1.4 0.5 0.3 
4.7 3.3 54.8 20.9 12.5 1.0 1.3 0.6 0.4 
3.1 0.4 58.8 20.8 14.2 0.6 1.2 0.4 0.3 
4.2 2.2 60.3 15.1 13.5 1.0 1.8 0.7 0.7 
Mean 4.1 1.9 56.3 20.5 13.6 0.9 1.4 0.6 0.4 
Bunyip control 
3.2 1.6 54.9 19.8 14.7 1.0 2.0 0.8 1.8 
2.7 1.3 45.7 16.1 12.7 0.6 6.9 0.5 13.2 
2.8 1.3 56.8 18.9 13.8 0.9 2.3 0.6 2.6 
2.9 1.2 53.5 20.5 14.0 0.6 2.7 0.3 4.0 
3.3 1.5 55.0 20.2 13.1 0.9 2.2 0.5 3.1 
Mean 3.1 1.4 55.1 19.9 13.9 0.9 2.3 0.6 2. 9 
Bunyip late stressed 
3.5 0.8 53.6 24.3 14.8 0.9 1.3 0.4 0.2 
3.8 1.3 45.5 23.1 22.7 0.8 1.3 0.5 0.7 
3.3 0.8 52.0 23.2 15.7 0.7 1.8 0.5 1.8 
3.3 0.8 49.4 21.2 15.4 0.8 3.1 0.3 5.2 
Mean 3.5 0.9 50.1 23.0 17.2 0.8 1.8 0.4 2.0 
Bunyip stressed throughout 
3.4 0.9 55.6 22.7 12.8 0.6 1.9 0.3 2.2 
3.4 0.8 54.6 22.7 14.7 0.7 1.6 0.3 0.9 
3.4 1.4 55.7 20.4 14.8 0.9 1.6 0.4 1.2 
3.2 0.5 57.5 19.2 15.1 0.5 1.8 0.3 1.6 
3.6 0.6 49.2 25.0 16.7 0.6 1.8 0.3 2.0 
Mean 3.4 0.8 54.5 22.0 14.8 0.7 1.7 0.3 1.6 
? 
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Appendix Vla. Chemical analysis of three varieties of rapeseed grown 
under two photoperiods (10 hours and 16 hours). 
Photoperiod Glucosinolates Yield lOOOgrain Oil 
hours (µmoles/g) (g) wt (g) (%) 
Narnoo 
10 46 3.81 3.66 42.9 
16 67 2.77 3.25 43.4 
Maluka 
10 19 2.89 3.47 39.l 
16 16 3.31 2.74 40.6 
Wesbrook 
10 40 2.47 3.76 37.6 
16 39 2.82 3.40 42.0 
Appendix VIb. Fatty acid concentration in the oil of three cultivars of 
rapeseed grown under two photoperiods (10 hours and 16 hours). 
Photoperiod Fatty Acid (%) 
(hours) 
16:0 16:1 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
Narnoo 
10 4.33 0.09 1.63 65.1 17.6 9.28 0.25 1.44 0.24 0.05 
16 4. 39 0.10 1.33 61.0 20.5 10.6 0.25 1.60 0.27 0.05 
Maluka 
10 4.35 0.32 1.43 63.5 18.4 9.42 0.68 1.47 0.46 0.00 
16 4.42 0.35 1.25 55.4 23.0 13.2 0.62 1.42 0.36 0.06 
Wesbrook 
10 4.45 0.35 1.67 63.9 17.4 9.50 0.72 1.62 0.30 0.06 
16 4.62 0.34 1.44 59.6 20.5 11.0 0.64 1.49 0.32 0.06 
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Appendix Vlc. Yield and 1000 grain weight in the seeds of three cultivars of 
rapeseed grown under two photoperiods (10 hours and 16 hours) 
Mean 
Mean 
Mean 
lOOOgrain wt. 
10 hours 16 hours 
3.840 3.41 
3.431 3.40 
3.708 3.33 
3.650 2.86 
3.66 3.25 
3.846 3.36 
3.425 3.76 
3.883 3.11 
3.890 3.36 
3.76 3.40 
3.98 2.86 
3.88 2.96 
3.22 2.66 
2.80 2.49 
3.47 2.74 
Yield 
10 hours 16 hours 
Narnoo 
3.21 2.70 
4.76 4.05 
3.91 1.64 
3.33 2.70 
3.81 2.77 
Wesbrook 
1.96 2.84 
3.86 2.53 
1.44 2.96 
2.61 2.93 
2.47 2.82 
Naluka 
1.21 4.66 
3.34 2.72 
3.84 2.66 
3.15 3.19 
2.89 3.31 
i 
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Appendix VIIa: Sulphur levels in the plants and buds of rapeseed 
cv. Marnoo grown at field sites throughout N.S.W. 
PLANT BUDS 
SITE % % 
COWRA 0.94 0.50 
NARRABRI 0.80 0.27 
EAST MOREE 0.68 0.54 
TRANGIE 0.67 0.45 
MUNDULLA 0.59 0.28 
FORBES 0.60 0.40 
WAGGA Late 0.58 0.28 
TEMORA 0.56 0.25 
GLEN INNES (Aug) 0.54 
* DENILIQUIN 0.47 0.44 
MOLONG 0.43 0.46 
JUNEE REEFS 0.36 0.36 
CONDOBOLIN (IRR) 0.29 0.30 
CONDOBOLIN 0.22 0.34 
WEST WYALONG 2 0.69 
* WEST MOREE 0.35 * 
GALONG 0.42 * GEROGERY 
* 
0.34 
WEST WYALONG 1 0.59 * 
Mean of all sites 0.54 0.38 
Range 0.22-0.94 0.25-0.54 
* - missing values 
' 
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Appendix VIIb. Cation levels in the plants and buds of Marnoo plants grown 
at field sites throughout N.S.W. 
Site 
COWRA 
NARRABRI 
MOREE East 
MOREE West 
THANGIE 
MUNDULLA 
FORBES 
CONDOBOLIN(irr) 
CONDOBOLIN 
WAGGA 
TEMORA 
DENILIQUIN 
GLEN INNES 
GEROGERY 
DENILIQUIN 
MOLONG 
JUNEE REEFS 
GALONG 
WEST WYALONG 1 
WEST WYALONG 2 
Manganese 
(µg/g) 
plant bud 
190 78 
65 65 
95 75 
60 60 
43 30 
35 45 
70 50 
48 53 
68 45 
43 70 
77 * 15 35 
90 60 
* 113 70 75 
75 26 
94 42 
110 
* 70 
* 78 * 
irr, irrigated trial; *, 
Magnesium 
(%) 
plant bud 
0.400 0.350 
0.638 0.580 
0.700 0.429 
0.601 0.388 
0.544 0.346 
0.187 0.376 
0.583 0.501 
0.569 0.439 
0.479 0.332 
0.384 0.461 
0.460 * 0.453 0.346 
0.789 0.494 
* 0.339 0.406 0.353 
0.468 0.371 
0.416 0.422 
0.320 * 0.696 
* 0.684 
* 
missing value. 
Calcium 
(%) 
plant bud 
1.99 0.80 
2.25 2.32 
1.98 1.01 
1.90 0.97 
2.05 0.70 
2.09 * 2.78 0.57 
1.86 0.88 
1.92 0.49 
1.68 0.61 
1.80 * 2.26 0.75 
1.60 0.81 
* 
1.36 
1.73 0.68 
2.14 0.71 
1.51 0.69 
1.90 * 3.59 
* 2.61 * 
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Appendix VI c: Glucosinolate concentration in 6 cultivars of rapeseed 
grown in N.S.W. field trials (µmol/g oil-free, air-dry meal). 
SITE BUNYIP MARNOO WESBROOK TATYOON MALUKA SHIRALEE MEAN 
NARRABRI 76 43 24 40 17 17 36 
GUNNEDAH 58 57 47 59 21 23 44 
COONAMBLE 54 31 24 32 21 17 30 
WAGGA 55 49 26 36 16 18 33 
JUNEE REEFS 60 46 33 34 14 15 34 
DENILIQUIN 55 39 26 33 16 14 31 
YANCO 60 38 28 32 18 20 33 
CONDOBOLIN B 45 30 16 32 10 11 24 
CONDOBOLIN A 67 53 38 48 20 19 41 
FORBES 41 32 27 * 19 18 27 TEMORA 48 43 23 24 11 13 27 
EAST MOREE 72 61 39 59 26 22 47 
WEST MOREE 69 49 28 45 20 16 38 
TRANGIE 51 58 39 65 20 20 42 
GLEN INNES 39 46 42 48 24 25 37 
GEROGERY 59 45 35 42 18 17 36 
GALONG 68 44 32 41 19 19 37 
COWRA 56 39 29 38 12 19 32 
MEAN 57 45 31 40 19 18 35 
Appendix VIId: Oil Concentration in the Seed of 6 Cultivars of Rapeseed 
Grown in N.S.W. Field Trials (at 8.5% moisture). 
BUNYIP MARNOO WESBROOK TATYOON MALUKA SHIRALEE 
NARRABRI 38.1 42.7 42.2 41.2 39.8 42.3 
GUNNADAH 40.0 39.6 35.1 37.2 35.7 37.9 
COONAMBLE 31.3 33.3 32.6 32.8 32.1 31.7 
WAGGA 41.0 44.3 42.3 42.8 44.1 44.8 
JUNEE REEFS 42.9 40.5 40.6 40.3 40.5 44.8 
DENILIQUIN 45.4 46.6 45.5 46.1 45.7 46.1 
LEETON 42.5 41.2 43.7 42.3 42.5 44.2 
YANCO 45.1 45.0 45.8 44.3 45.2 43.9 
CONDOBOLIN B 34.4 35.1 35.2 34.5 33.6 33.6 
CONDOBOLIN A 40.8 41.4 41. 2 41.7 41.8 40.0 
FORBES 39.3 39.3 39.4 * 40.7 38.4 TEMORA 43.8 46.7 48.2 44.7 46.7 49.7 
EAST MOREE 38.1 39.0 41.9 39.9 41.5 39.9 
WEST MOREE 43.7 37.3 37.7 38.3 35.9 37.0 
TRANGIE 35.4 44.8 44.9 45.4 42.9 42.2 
GLEN INNES 35.6 36.8 34.4 36.2 35.6 34.9 
GEROGERY 40.5 42.6 41. 3 41.9 43.4 42.9 
GALONG 39.0 38.3 39.2 40.7 38.3 39.8 
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Appendix VIIe: Protein concentration in the oil-free meal of 6 cultivars 
of rapeseed grown in N.S.W. field trials(% at 8.5% moisture). 
Site Bunyip Marnoo Wesbrook Tatyoon Maluka Shiralee 
Gerogery 
* * * * * * Wagga Wagga 41.6 44.8 40.6 42.2 46.5 40.3 
Junee Reefs 39.9 38.0 40.4 37.5 38.8 37.6 
Galong 
* * * * * * Temora 30.0 29.5 33.6 29.6 33.2 31.9 
Deniliquin 33.9 37.1 36.6 35.3 37.2 33.5 
Glen Innes 
* * * * * * East Moree 40.1 40.0 35.1 42.3 36.5 34.6 
Forbes 
* * * * * * West Moree 
* 
39.3 40.4 40.4 43.4 38.8 
Cowra 33.5 36.3 36.6 35.1 33.6 36.2 
Narrabri 37.7 42.2 38.7 38.4 38.7 38.2 
Trangie 
* * * * * * Condobolin 44.7 48.3 47.2 47.0 46.6 46.8 
Gunnedah 35.6 37.0 37.5 40.4 38.0 35.9 
Coonamble 45.0 53.1 49.6 51.1 48.8 48.6 
Leeton 36.6 39.6 38.3 39.7 38.2 37.3 
Yanco 35.6 37.1 38.4 37.1 38.0 47.6 
Condobolin A 38.1 40.2 40.4 44.0 40.4 38.5 
Mundulla 31.3 31.8 25.9 31.4 32.1 31.6 
* - samples not tested. 
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Appendix VIIf: Mean fatty acid concentration(%) in the oil of 6 cultivars of 
rapeseed grown in field trials in N.S.W. (oleic acid, Cl8:l; 
linoleic acid (Cl8:2); linolenic acid (C18:3); and erucic 
acid (C22:1). 
Fatty acid concentration 
Cl8:l Cl8:2 Cl8:3 C22:l 
Wagga Wagga 63.1 18.6 10.1 0.7 
Yanco 62.9 18.9 10.3 0.6 
Gerogery 62.6 19.1 10.3 0.6 
Leeton 62.6 18.0 8.7 0.7 
Temora 62.4 18.8 10.1 0.7 
Cowra 62.3 19.0 10.3 0.6 
Glen Innes 62.3 18.6 8.9 0.8 
West Moree 61.5 19.2 10.4 0.8 
Deniliquin 61.3 19.3 11.3 0.6 
Condobolin A 61.2 19.7 10.3 0.7 
Condobolin B 61.1 21.2 8.9 0.7 
Gunnedah 61.1 20.3 10.0 0.6 
Trangie 61.1 19.0 11.1 0.6 
Galong 61.0 19.2 10.8 0.9 
Forbes 60.9 20.6 9.3 0.6 
Junee Reefs 60.8 20.3 10.9 0.7 
Narrabri 60.2 19.7 11.2 0.8 
East Moree 58.9 20.0 10.7 1.0 
Coonamble 56.7 22.9 11.8 0.7 
A - irrigated; B - dryland. 
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Appendix VIIg: Fatty Acid Concentration in the Oil of 6 Cultivars of 
Rapeseed Grown in N.S.W. Core Trials. 
Cultivar Fatty Acid(%) 
16:0 16:l 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 
NARRABRI 
BUNYIP 3.6 0.3 0.5 58.9 21.5 12.4 0.6 1.3 0.2 0.6 
MARNOO 3.9 0.4 0.6 60.0 19.0 10.2 0.6 2.8 0.2 2.1 
WESBROOK 4.0 0.4 0.6 59.0 18.3 11.3 0.7 1.4 0.5 0.7 
TATYOON 4.2 0.3 0.6 61.8 18.9 10.4 0.6 1.8 0.3 0.8 
MALUKA 4.2 0.4 0.5 60.1 20.7 ll.6 0.6 1.2 0.3 0.3 
SHIRALEE 4.3 0.4 0.6 61.3 20.0 11.1 0.6 1.2 0.3 0.1 
GUNNEDAH 
BUNYIP 3.8 0.4 0.6 59.0 21.1 12.0 0.6 1.4 0.3 0.7 
MARNOO 4.0 0.4 1.0 62.0 18.8 9.0 0.6 2.4 0.2 1.5 
WESBROOK 4.8 0.4 1.0 60.1 20.7 10.7 0.7 1.1 0.2 0.1 
TATYOON 4.2 0.4 0.8 63.3 19.2 8.7 0.7 1.8 0.3 0.6 
MALUKA 4.5 0.4 0.5 60.1 21.4 10.4 0.7 1.2 0.3 0.2 
SHIRALEE 4.4 0.4 0.8 61.8 20.6 9.4 0.7 1.2 0.3 0.2 
COONAMBLE 
BUNYIP 4.0 0.4 0.5 52.9 25.2 13.4 0.6 1.5 0.3 1.2 
MARNOO 4.3 0.4 0.8 57.3 21.9 10.8 0.7 2.1 0.3 1.3 
WESBROOK 4.5 0.4 0.7 58.1 22.4 11.4 0.7 1.3 0.3 0.2 
TATYOON 4.4 0.4 0.7 58.3 21.9 10.7 0.7 1.7 0.3 0.9 
MALUKA 4.4 0.4 0.7 56.9 23.0 12.2 0.7 1.2 0.3 0.3 
SHIRALEE 4.7 0.4 0.6 56.7 23.0 12.0 0.7 1.3 0.3 0.3 
WAGGA 
BUNYIP 3.3 0.3 0.5 60.9 20.2 11.6 0.6 1.4 0.3 0.8 
MARNOO 3.8 0.4 0.7 62.2 17.4 8.9 0.6 3.3 0.2 2.2 
WESBROOK 4.1 0.4 0.8 62.6 18.9 10.9 0.7 1.2 0.3 0.2 
TATYOON 4.0 0.4 0.6 64.0 18.0 9.7 0.7 1.7 0.3 0.5 
MALUKA 3.9 0.3 0.6 64.0 18.7 10.0 0.7 1.2 0.3 0.2 
SHIRALEE 4.1 0.4 0.4 65.0 18.l 9.5 0.7 1.3 0.3 0.2 
JUNEE REEFS 
BUNYIP 3.6 0.3 0.3 58.6 21. 6 12.4 0.6 1.4 0.3 0.7 
MARNOO 4.0 0.4 0.4 59.9 19.5 10.0 0.6 2.7 0.2 2.1 
WESBHOOK 4.2 0.4 * 60.6 20.5 11.9 0.7 1.3 0.2 0.1 TATYOON 4.2 0.4 0.2 63.0 19.1 9.7 0.8 1.8 0.3 0.6 
MALUKA 4.1 0.4 0.2 60.6 21.1 11.0 0.7 1.3 0.3 0.3 
SHIRALEE 4.3 0.4 0.3 62.2 20.2 10.3 0.7 1.2 0.3 0.1 
DENILIQUIN 
BUNYIP 3.4 0.3 0.5 58.8 20.8 12.8 0.6 1. 4 0.2 1.0 
MARNOO 3.9 0.4 0.5 60.9 19 10.4 0.6 2.5 0.2 1.6 
WESBROOK 4.3 0.4 0.7 61.4 19.0 11.5 0.7 1.4 0.2 0.4 
TATYOON 4.3 0.4 0.7 61.3 19.1 11.7 0.7 1.2 0.2 0.2 
MALUKA 4.1 0.3 0.7 62.9 18.6 10.7 0.7 1.3 0.3 0.3 
SHIRALEE 4.4 0.4 0.6 62.2 19.4 10.5 0.7 1.2 0.3 0.2 
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LEETON 
BUNYIP 3.5 0.3 0.3 59.6 19.4 10.2 0.7 1.4 0.5 0.8 
MARNOO 4.0 0.4 0.8 63.5 17.7 8.1 0.6 2.6 0.2 1.4 
WESBROOK 4.2 0.4 0.6 64.2 18.3 9.4 0.6 1.2 0.2 0.2 
TATYOON 4.0 0.4 1.1 60.8 15.9 7.4 0.8 1.8 0.8 1.1 
MALUKA 4.2 0.4 1.0 64.3 18.6 8.5 0.7 1.2 0.2 0.2 
SHIRALEE 4.1 0.4 0.4 62.9 18.3 8.3 0.8 1.4 0.5 0.5 
YANCO 
BUNYIP 3.4 0.3 0.3 59.9 20.4 12.6 0.6 1.4 0.2 0.8 
MARNOO 4.0 0.4 0.6 64.0 17.7 8.6 0.6 2.5 0.2 1.4 
WESBROOK 4.2 0.4 0.5 63.4 18.4 10.6 0.6 1.3 0.2 0.3 
TATYOON 4.3 0.4 0.5 64.0 19.0 9.2 0.7 1.3 0.3 0.2 
MALUKA 4.2 0.4 0.5 63.7 18.3 10.3 0.6 1.4 0.3 0.3 
SHIRALEE 4.3 0.4 0.4 62.5 19.4 10.2 0.7 1.3 0.3 0.4 
CONDOBOLIN (DRY) 
BUNYIP 4.1 0.4 0.6 56.2 23.7 11.3 0.6 1.54 0.2 1.1 
MARNOO 4.4 0.4 0.8 61.7 19.5 8.1 0.6 2.5 0.2 1.7 
WESBROOK 4.7 0.4 0.7 62.3 21.1 8.6 0.6 1.2 0.2 0.2 
TATYOON 4.4 0.4 0.7 62.9 19.7 8.3 0.7 1.8 0.3 0.8 
MALUKA 4.6 0.4 0.6 61.4 21.7 8.9 0.7 1.2 0.3 0.2 
SHIRALEE 4.7 0.5 0.6 62.1 21.4 8.1 0.7 1.2 0.3 0.2 
CONDOBOLIN (IHRIG) 
BUNYIP 3.6 0.3 1.4 58.8 21.1 11.1 0.6 1.4 0.3 1.0 
MARNOO 3.9 0.4 1.8 60.3 18.5 9.5 0.6 2.8 0.2 1.9 
WESBROOK 4.1 0.4 1.9 61.5 18.9 10.9 0.6 1.3 0.2 0.3 
TATYOON 4.1 0.3 0.5 64.4 18.1 9.3 0.6 1.7 0.2 0.6 
MALUKA 4.1 0.4 0.6 60.4 21.1 10.7 0.6 1.3 0.2 0.4 
SHIRALEE 4.4 0.4 0.6 61.7 20.4 10.2 0.7 1.2 0.3 0.1 
FORBES (DRY) 
BUNYIP 3.9 0.4 0.5 59.4 21.4 11.0 0.6 1.3 0.2 0.6 
MARNOO. 4.1 0.4 0.7 61.7 19.9 8.6 0.6 2.0 0.2 1.1 
WESBROOK 4.3 0.4 0.6 61.8 20.4 9.2 0.6 1.4 0.2 0.5 
TATYOON 
* * * * * * * * * * MALUKA 4.2 0.3 0.6 61.9 20.5 9.2 0.6 1.3 0.2 0.4 
SHIRALEE 4.2 0.4 0.3 59.6 20.7 8.6 0.8 1.5 0.5 0.6 
TEMORA 
BUNYIP 3.7 0.4 1.0 59.6 20.5 13.0 0.4 1.9 0.9 0.3 
MARNOO 4.1 0.4 1.5 61.7 17.9 9.0 0.4 3.7 0.1 1.7 
WESBROOK 4.1 0.4 0.6 63.2 18.4 10.9 0.6 1.0 0.2 0.1 
TATYOON 4.1 0.4 0.2 65.3 18.3 8.2 0.5 2.2 0.5 0.8 
MALUKA 4.0 0.4 1.3 61.3 19.3 10.3 0.4 2.3 0.2 1.0 
SHIRALEE 4.3 0.4 1.4 63.1 18.4 9.3 0.5 2.0 0.5 0.5 
EAST MOREE 
BUNYIP 3.5 0.3 0.3 59.0 20.7 11.9 0.6 1.6 0.2 1.1 
MARNOO 3.9 0.4 0.9 58.6 19.1 9.8 0.6 3.3 0.2 2.5 
WESBROOK 4.0 0.4 0.7 57.8 18.9 11.1 0.7 1.5 0.5 0.7 
TATYOON 4.1 0.4 0.6 57.4 19.4 9.9 0.8 2.1 0.6 1.3 
MALUKA 4.0 0.4 0.6 60.7 20.3 10.7 0.6 1.3 0.2 0.4 
SHIRALEE 4.5 0.4 0.6 59.8 21.3 10.6 0.6 1.2 0.3 0.1 
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WEST MOREE 
BUNYIP 4.0 0.4 0.6 62.8 17.7 11.6 0.6 1.2 0.2 0.2 
MARNOO 3.7 0.4 0.8 59.6 18.6 9.5 0.6 3.3 0.2 2.7 
WESBROOK 4.0 0.4 0.6 62.1 19.2 10.7 0.6 1.4 0.2 0.4 
TATYOON 3.9 0.3 0.6 63.1 18.5 9.5 0.6 1.8 0.3 0.6 
MALUKA 3.9 0.4 0.7 60.6 20.4 10.9 0.6 1.3 0.2 0.3 
SHIRALEE 4.1 0.4 0.5 60.9 20.6 10.4 0.6 1.4 0.3 0.3 
TRANGIE 
BUNYIP 3.5 0.4 0.6 59.4 20.3 12.1 0.5 1.4 0.2 1.0 
MARNOO 3.5 0.4 0.6 60.2 20.2 12-. 2 0.5 1.1 0.2 0.3 
WESBROOK 3.8 0.3 0.6 60.5 17.3 11.3 0.7 1.7 0.4 0.8 
TATYOON 3.8 0.3 1.7 63.8 17.1 9.4 0.7 2.0 0.3 0.8 
MALUKA 3.9 0.4 1.7 61.3 19.4 10.9 0.6 1.2 0.3 0.2 
SHIRALEE 3.9 0.4 1.8 61.2 19.4 10.8 0.6 1.2 0.3 0.2 
GLEN INNES 
BUNYIP 3.8 0.5 1.8 59.6 20.1 9.7 0.7 1.6 0.4 1.1 
MARNOO 3.9 0.5 2.4 62.4 17.2 8.2 0.7 2.7 0.2 1.7 
WESBROOK 4.3 0.4 2.3 61.8 18.6 9.6 0.8 1.3 0.3 0.4 
TATYOON 4.2 0.4 2.2 63.0 18.0 8.7 0.8 1.6 0.3 0.6 
MALUKA 4.3 0.5 0.4 63.6 18.8 8.5 0.7 1.2 0.4 0.4 
SHIRALEE 4.4 0.5 0.7 63.2 19.1 8.6 0.7 1.2 0.4 0.3 
GEROGERY 
BUNYIP 3.5 0.4 0.4 60.7 20.3 11.2 0.6 1.3 0.2 0.7 
MARNOO 3.5 0.4 0.4 60.8 20.3 11.2 0.6 1.3 0.2 0.7 
WESBROOK 4.0 0.4 0.6 62.8 18.2 10.8 0.6 1.4 0.2 0.3 
TATYOON 4.1 0.4 0.4 64.5 17.6 9.2 0.7 1.7 0.3 0.6 
MALUKA 3.9 0.4 0.3 62.9 19.3 10.1 0.7 1.3 0.3 0.2 
SHIRALEE 4.2 0.4 0.4 64.0 18.7 9.4 0.7 1.2 0.3 0.1 
GALONG 
BUNYIP. 3.5 0.3 0.7 59.0 21.2 11.9 0.6 1.5 0.3 1.0 
MARNOO 4.1 0.4 0.9 59.0 19.0 10.0 0.6 3.2 0.2 2.4 
WESBROOK 4.3 0.4 0.8 60.8 19.1 11.4 0.7 1.7 0.3 0.7 
TATYOON 4.2 0.4 0.6 62.8 18.1 10.2 0.7 1.9 0.3 0.7 
MALUKA 4.1 0.3 0.9 62.8 18.2 10.5 0.7 1.6 0.3 0.5 
SHIRALEE 4.4 0.4 0.8 61.7 19.5 10.6 0.7 1.3 0.3 0.2 
COWRA 
BUNYIP 3.4 0.3 0.7 59.5 20.2 12.7 0.6 1.3 0.3 0.8 
MARNOO 4.0 0.4 0.9 61.9 18.4 9.1 0.6 2.6 0.2 1.6 
WESBROOK 4.3 0.4 1.0 62.5 18.7 10.8 0.7 1.2 0.3 0.2 
TATYOON 4.0 0.4 0.6 64.5 17.6 9.2 0.7 1.7 0.3 0.6 
MALUKA 3.9 0.4 0.3 62.9 19.3 10.1 0.7 1.3 03 0.2 
SHIRALEE 4.3 0.4 0.8 62.6 19.5 9.6 0.7 1.3 0.3 0.2 
